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a -A m in o  acids serve a central role in biology and chem istry. W ith the 
advance of a variety  of sophisticated  spectroscopic and  com putational m ethods 
to e lu c id a te  the  re la tio n sh ip s  b e tw een  am ino  acid  seq u en ce , p ro te in  
confo rm ation , an d  th e ir chem ical, physica l, an d  biological p ro p e rtie s , a 
trem endous level of in te rest has been  generated  in  the de novo d esign  and 
synthesis of u n n a tu ra l am ino acids for the pu rp o ses  of im p artin g  enzym e- 
inh ib ito ry , an tim etabo lite , p ro tease  resistance, and  un iq u e  conform ational 
properties to peptides and  derivatives.
The goal of th is resea rch  w ork  w as to syn thesize  try p to p h an  and  
tyrosine derivatives, w hich are conform ationally constrained, w ith  fixed side- 
chain to preven t a - p  a n d /o r  p -y  bonds from  rotating.
The co n stra in ed  d e riv a tiv e  of try p to p h a n , 2 -a m in o -l,2 -d ih y d ro - 
cyclopenta[b]indole-2-carboxylic acid, w ith  a five-m em bered ring fused to the 
indole  ring , w as syn thezised . All the in te rm ed ia tes  in the reaction  w ere 
characterized spectroscopically , and  the s truc tu re  p roof w as m ade by X-ray 
crystallographic determ ination.
The constrained tyrosine derivative, m ethyl 2-benyoxycarbonamido-2-(5- 
m e th o x y in d an y lid en e)ca rb o x y la te , w ith  a lany l side  chain  fused  to five- 
m em bered ring, w as p repared  by coupling three sm all m olecues first, then  ring- 
c losure  w ith  H eck reaction . P rog ress m ade  to w ard s  the  d e riv a tiv e  of 
try p to p h an  w ith  the sam e app roach  is reported . Progress m ade tow ards the 
derivatives of tryp tophan  and  tyrosine w ith  a cyclopropane ring  at oc~P bonds 
of the am ino acids is reported.
The try p to p h a n  a n d  ty ro s in e  d e riv a tiv e s  are  p o te n tia l in trin sic  
fluorescence probes. Also these conform ationally constrained derivatives could
xiv
be useful in the bioactive peptide synthesis to change their prim ary  structure  as 




1.1. G eneral In troduction
a-A m ino  acids are fundam ental constituents of pep tides and proteins, 
and  serve a central role in biology and chem istry1. Since the first am ino acid, L- 
a sp arag in e , c rysta llized  from  an extract of A sp a rag u s shoots by French 
chem ists V auquelin  and  Robiquet in 1806, am ino acids have been  extensively 
studied . They serve as m ediators of nitrogen m etabolism  and prov ide the raw  
m aterials from  w hich  a large num ber of biologically im portan t p rim ary  and 
secondary m etabolites are constructed2. The relatively abundan t proteinogenic 
am ino acids also have served as useful chiral reagents for a variety of synthetic 
applications.
All am ino acids can be regarded  as derivatives of glycine substitu ted  
w ith  different side chains. W ith the exception of glycine all natu rally  am ino 
acid are optically active, because their a-carbon  atom  is a chiral center. All of 
th em  have the L co n fig u ra tio n , o r acco rd ing  to a m ore  co n tem p o rary  
designation the S-configuration3, as show n in figure I.I., a notable exception
L D
Figure 1.1. L and D A m ino Acid
being (R )- cysteine and  cystine. These side chains of am ino acids differ in size, 
shape, hydrophilicity, charge, and  chemical reactivity. They can be grouped  as 
follows: (1) aliphatic side chains; (2) hydroxyl aliphatic side chains; (3) arom atic
2
side chains; (4) basic side chains; (5) acidic side chains; (6) am ide side chains; 
and  (7) su lfu r side chains. W hen am ino acids b ind  covalently, linking the a -  
carboxyl g roup  of one am ino acid and the a -am ino  group of the next one, they 
becom e residues. T here is no defined  po in t at w hich a p ep tid e  becom es a 
p ro te in , an d  p o ly p ep tid es  can range from  15 to 50 residues. P ep tides and  
pro te ins are bo th  com posed of am ino acids, so they have m any features and  
p ro p e rtie s  in com m on, b u t also m any differences. The th ree-d im ensional 
s truc tu re  of the backbone of peptides and proteins is de term ined  by the angles 
(p (defined as the d ihedra l angle C '-N -C a-C') and \i (N-Ca-C '-N) about single 
bond for each am ino acid4, as in figure 1.2. The barriers of rotation around
Figure.1.2. IUPAC D efin ition  of D ihedral A ngles in Peptides and Proteins.
these b o nds are sm all (less than  about 5 k ca l/m o l), w hich  p rov ides a h igh  
flexibility of the p ep tid e  chain. U sually , pep tides and p ro te in s fold in an 
o rderly  m anner d u e  to electrostatic and Van der W aals interactions along the 
pep tide  backbone to create well defined geom etries and stabilized by hydrogen 
bonds. a-H elix  and p-sheets are the dom inant geom etric patterns in num erous 
p ro te ins, and  in  m ore recen t tim es also reverse turns (hairp in  tu rn s , y-turns) 
w ere p o stu la ted 5 and  then  recognized as frequent contributors to pep tide  and 
pro tein  conform ation.
3
P ep tides are of critical im portance  as horm ones, n eu ro tran sm itte rs , 
g row th  factors, cytokines, enzym e inhibitors, neurom odulato rs, m odulators of 
ion channels, and for m any other biological functions. Proteins play key roles 
in  v irtually  all biological processes. They determ ine the p a tte rn  of chemical 
transfo rm ations in  cells, m ed ia te  a w ide  range of o ther functions, such  as 
tra n sp o rt an d  storage, coo rd ina ted  m otions, m echanical su p p o rt, im m une 
pro tection , excitability, in tegration  of m etabolism , and  the control of g row th  
and  differentiation6.
For biologocally active peptides, the com m on assum ption  is tha t their 
biological activitites depend  on their three-dim ensional structures (the function 
code). H ow ever, in view  of their flexibility, m ost of them  can assum e a variety 
of c o n fo rm a tio n s , th u s  the  q u e s tio n  of w h ich  s tru c tu ra l  e lem en ts , 
confo rm ations, and  dynam ic  p ro p e rtie s  are critical to b io logical activ ity  
becom es of central im portance . T ow ard  th is goal, m uch  effort inc lud ing  
chemical and  physical m ethods has been developed to understand  the possible 
structure-biological relationships betw een them.
N M R spectroscopy has considerable value in struc tu re  determ ination , 
an d  is one m ethod  extensively used  for s tudy ing  these b iopo lym ers7. The 
princ ipa l ad v an tag e  of NM R spectroscopy lies in  the fact tha t the  spectra 
recorded are those of pep tides in solution. Thus the interactions tha t stabilize 
the conform ation  are m ainly in tram olecular. In term olecular in teraction, that 
m ig h t a lte r  the  c o n fo rm a tio n  can  be d im in ish e d  by d ec rea s in g  the 
concentration of the dissolved peptide molecules. H ow ever, the spectra of long 
and  flexible pep tides are ra th e r com plicated by inheren t m olecular m otions. 
For p ro teins, the spectra are even m ore complex. The rap id  developm ent of 
m ultid im ensional NMR m ethods has greatly facilitated our ability to evaluate 
peptide  conform ation and dynam ics6.
4
If crystals are available, an X-ray structu ral de term ination  can be very 
valuable. A t p resen t no o ther experim ental approach  prov ides such  detailed  
and  exact inform ation about the spatial arrangem ent of atom s in the m olecule 
of a p e p tid e  as the so lu tio n  of single crystal x-ray d iffrac tio n  p a tte rn s . 
U nfortunately , large num bers of peptides have failed to crystallize. This m ight 
be  d u e  to the  confo rm ational freedom  w hich , in sp ite  o f in tram o lecu lar 
in teractions, can still be found in peptides. Proteins show  a g rea ter tendency 
for crystallization, probably because num erous intram olecular forces contribute 
to a w ell defined conform ation. Thus, a globular protein can becom e a build ing  
com ponen t of a crystal lattice w ith o u t undergo ing  a m ajor conform ational 
change9. H ow ever, it is possib le  th a t a crystal s tru c tu re  d iffers from  the 
biological system.
A n a lte rnative  app ro ach  to conform ational analysis of p ep tid es  and  
pro te ins is fluorescence spectroscopy10. Fluorescence refers to the secondary  
em ission of light, generally for a period of 10‘8 to 10'9 second, by a com pound 
after it has been 'excited ' by the absorption of light of appropria te  w avelength. 
The ab so rp tion  of photons of visible or u ltrav io let rad ia tio n  can ra ise  the 
e lectrons of certain  com pounds from  their stable, g ro u n d  state  to h igher, 
excited states. The re tu rn  of these excited electrons to their o rig inal g round  
sta te  is accom pan ied  by d issip a tio n  of som e of this excess enegy  via the 
em ission  of rad ian t energy (usually  of a longer w aveleng th  th an  th a t of the 
excitation radiation). The advantage of this technique is based on fluorophore 
sensitivity  to the local envirom ent. There are some highly fluorescent groups 
used  as extrinsic fluorophores, such as dansyl chloride, naph thy lam ine sulfonic 
acids, an d  9-vinyl an thracene. The extrinsic chrom ophores have  d ifferen t 
absorp tion  com pared to those of natural fluorophores. The quench ing  of the
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fluorescence ind ica tes  an  in te rac tion  b e tw een  the flu o ro p h o re  and  o ther 
functional groups.
The am ino acids, tryp tophan , tyrosine, and phenylalanine, are naturally  
occurring  or in trinsic  fluorophores. They are useful as in trinsic  p robes for 
fluorescence m easurem ents. H ow ever, the difficulty of separa te  overlap ing  
spectra in  proteins is som etim es a problem  in in terpreting the m easurem ents.
A complex fluorescence decay is usually observed for single tryp tophans 
in  pep tide  chains. There are several m odels p roposed  to explain the double­
exponential decay of the tryp tophan  zw itterion: (1) the ro tam er m odel, w hich 
proposes the slow interconversion of conform ers about the oc-p and P~y bonds 
of the side chain; (2) excited-state p ro ton  transfer, w hich occurs at C-4 of the 
indole ring, possibly aided by the am m onium  group; and (3) electron transfer 
from  the indolic system  to an electron acceptor such as the carboxylate.
Tyrosine and phenylalanine have also been studied. The quan tum  yield 
of phenylalan ine in protein  is small, so that em ission from  this residue is rarely 
observed.
Thus, the derivatives of try p to p h an  and tyrosine, w hich constrain  the 
side chains could p reven t the ro tation of a~P, p -y  bonds, or both  to reduce the 
num bers of the ro tam ers, shou ld  be very useful to exam ine the effects of the 
am m onium  and carboxylate g roups11.
In  a d d d itio n  to  con fo rm ational analysis  u s in g  fluorescence, N M R 
spectroscopy, X-ray c rystallography  w hen  possible, etc., it w ill generally  be 
necessary to develop m ore constrained analogues to explore the conform ational 
requ irem en t a t a receptor. A lthough, the stud ies of sim ply rep lacing  one or 
m ore am ino acid residues w ith  o ther eukaryotic am ino acid residues are still 
n eed ed  to p ro v id e  in fo rm atio n  ab o u t the specific am ino  acids residues, 
functional groups, and  their spatial rela tionsh ips w hich p rov ide  a particu lar
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biological activity , it is also im p o rtan t to develop  critical in sigh ts in to  the 
conform ational and topograph ical requirem ents for biological activity. This 
involves consideration of the backbone conform ation (a-helix, p-turn , extended, 
etc.) an d  the to p o g rap h ica l p ro p ertie s  (side-chain  confo rm ation , surface 
p roperties, hydrophobic patches, charge distribution, etc.) w ith in  the context of 
m olecular recognition w ith  an acceptor molecule.
A num ber of specific approaches have been developed to p rovide a m ore 
logical and  system atic approach  to peptide design. These approaches generally 
involve the use of conform ational constrain ts12. The basic idea is to m odify the 
s truc tu re  of one or m ore specific am ino acid residues such as to restrict one or 
several cp, \j/, co, and  or % angles, and in so doing to provide either a specific local 
constraint or a m ore global constraint. This area is under rap id  developm ent in 
w hich  designer am ino acids and  designer peptides, are being synthesized, and  
utilized to s tudy  peptide  and  protein structures13.
Replacing a ,a-d ialky lated  am ino acids for the natural am ino acids is one 
approach. The increasing in terest in the study  of a ,a -d ia lk y la ted  am ino acids 
re su lts  from : (1) Tw o of these am ino acids, Aib and  Iva, characterize  an 
im p o rtan t fam ily of n a tu ra l antibiotics, the peptaibols, w hich  alter the ionic 
perm eability  of biological m em branes by form ing channels. (2) The synthesis 
of the related  pep tides is greatly com plicated by this property . (3) D erivatives 
an d  p ep tides of these am ino acids show  extrem ely h igh  crystallin ity , thus 
a llow ing  one to  pe rfo rm  an  x-ray charac te riza tio n  of confo rm ation  and  
electronic s tru c tu re  of the N - and  C- p ro tecting  g roups of com m on use in 
pep tide  synthesis. (4) The stereochem istry of peptides containing these am ino 
acids is ra th e r un ique , since they possess sign ifican t constra in ts  on their 
co n fo rm atio n a l freedom . They constitu te  a va lu ab le  a p p ro ach  to  local 
conform ational constraints. A review on the conform ational properties of a , a -
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su b stitu ted  am ino acids can be found  in  the references by T onio lo14 and 
D eG rado15. H ow ever, the synthesis m ethods of these am ino acids have not 
been w ell developed, p a rticu la rly  for a ,a -cy c lic  am ino acids.
^-S ubstitu ted  am ino acids in pep tides have the po ten tia l to bias side- 
chain  conform ations by v irtu e  of n o n -bonded  in teractions betw een  vicinal 
substituen ts . By biasing or fixing side-chain  g roups of critical am ino acid 
residues it shou ld  be possible to m odify the surface arch itec tu re  of already 
constrained  analogues, and  thereby m odify in very specific w ays the ligand- 
recep to r in teraction . H ruby  has rep o rted  som e of the ir resu lts  w ith  this 
approach16.
Side-chain to side-chain cyclizations is ano ther approach  to stabilizing 
pep tide  conform ational structure , since na tu ra l pep tides and  proteins choose 
this approach  via the Cys-Cys d isu lph ide  bridge. In add ition , it is possible to 
replace the S-S bridge w ith  C-S, S-C, Se-C, C-C, S, etc. Some quite exciting 
results in oxytocin have been obtained. A nother im portan t side-chain to side- 
chain cyclization involves lactam  form ation via the carboxylate side-group on 
A sp or Glu and  the e-am ino group on  Lys. Such approach  can been seen in  the 
reference by H ru b y 17 and Schiller16.
Side-chain functional group to the pep tide  backbone cyclization has been 
w idely  used  as a m ode of conform ational constraint. The m ost w idely used 
m ethod is cyclic lactam  form ation from a side-chain carboxylate to a backbone 
am ino or alternatively of a side-chain am ino to backbone carboxyl group. This 
approach  has been used and can been found in  review  reference by Schiller19, 
an d  w orks by C hipens20, as well as o thers tried  can be found  in Toniolo 's 
rev iew 21.
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Backbone to backbone cyclizations have been tried for the N-terminal to 
C-terminal cyclization. The highly active com pounds have been obtained for 
Som atosta tin  w ith  bridges betw een C-terminal and  N -term inal residues in 
several analogs. M any possibilities exist for C a-C', C '-N, N-N, and  C '-C' type 
backbone to backbone conformational restrictions. In this approach, it is only 
the beg inn ing  of exploring  the enorm ous num ber of possibilities for such 
modifications. W hat has been done so far has been reviewed by Toniolo 21.
The goal of this research is to develop the m ethod for synthesis of a , a -  
cyclic am ino acids, which restrict the a - p ,  p -y  bonds rotations. These am ino 
acids w ould  be very useful not only in the study of the photophysics, but also 
in the  field of design  an d  synthesis of the conform ationally  constra ined  
peptides to mimic bioactive peptides.
1.2. In troduction  of A m ino Acids Synthesis.
The synthesis of am ino acids has been of interest to organic chemists 
since the earliest days of synthetic chemistry, and num erous m ethods for their 
syn theses  w ere  developed . These syntheses generally  p ro v id e d  racemic 
products, and chemical and enzymatic m ethods were developed for separation 
of the enantiomers. Many of these methods are very useful even today, and the 
w ork  in this area to 1960 has been sum m arized by Greenstein and W initz3, and 
to some extent this inform ation has been upda ted  in a recent book edited  by 
B arre tt1. The m ethods can be g rouped  mainly into following categories: (1) 




n -c h 2-c
R f XR2
R'  f r PN-C-C*
Rf b  Nr:
t
Rs n -c h r ’-c/
R ' 'R2
+ ?  ■ H^-C-COj
H jN-CHR-’-COj
Scheme 1.1. Reaction 1.1
(2) Substi tu tion  reactions in w hich  the am ino- or carboxy- func tion  is 
in troduced  to com plete  the  synthesis  (e.g. an im ation  of keto-, brom o-, or 
hydroxy-acids; carboxylation of amines) as show n in Scheme 1.2.
-B rC H R C 0 2H 
RCO CO jH  -
h o c h r c o 2h
R C H ( C 0 2H )2
N,CH RCO jH
r h tN C H R C 0 2H H jN CHRCO'2
RC( = N X )C 0 2H
RCH-.NH,
0 = N C H R C 0 ,H
Scheme 1.2. Reaction 1.2.
(3) Rearrangements. These include long-established rearrangem ent reactions 
(Curtius, H ofmann, Schmidt rea rran g em en t,  modified Curtius rearrangement), 
a n d  also som e n ew er  re a r ra n g e m e n t  p ro c e d u res  (N eber, a n d  Stevens 
rearrangements), show n in Scheme 1.3.
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^ C O .E t *
RCH
\ N H C Q 2C H 2Ph
Scheme 1.3. Reaction 1.3.
(4) C ondensation  reactions (Strecker synthesis, Bucherer-Bergs synthesis), as 
show n in  Scheme 1.4.
OH N H ; N H ,
RCHO + HCN —► RCH — ►  R(Qh  — * -  r Qh
x c n  \ ; n  \ ; o 2'
RCHO -----► N H -C H R   ^  H 3N -C H R -C O zH X'
CO CO
Scheme 1.4. Reaction 1.4.
A sym m etric  syn thesis  of am ino  acids is u n d e rg o in g  considerable  
developm ent. Some recent approaches can be seen in the book by Williams,
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and  a review  by W illiam s22. The established m ethods for the asym m etric  
synthesis of am ino acids can be divided roughly into six categories. (1) The 
highly stereoselective hydrogenation of chiral, nonracemic dehydro  amino acid 
derivatives or the asymmetric hydrogenation of prochiral dehydro  am ino acid 
deriva tives. (2 ) Chiral glycine equ ivalen ts  serve as useful cx-amino acid 
tem plates undergo ing  homologation via carbon-carbon bond  form ation at the 
a -p o s i t io n  th ro u g h  nucleophilic  carban ion  a lkyla tion  or (3) electrophilic  
carbocation substitution. In addition, both (4) nucleophilic am ination  and (5) 
electrophilic am ination of optically active carbonyl derivatives have recently 
been  developed. (6 ) Enzymatic and whole cell-based syntheses have recently 
become m ore attractive in terms of substrate versatility, cost, and scale.
As the complexity of peptide design  increases, de novo design  and  
synthesis of more complex unnatural amino acids is likely to increase to im part 
e n z y m e - in h ib i to ry ,  a n t im e tab o l i te ,  p ro te a se  re s is tan ce ,  a n d  u n iq u e  
conformational-inducing properties to peptides and derivatives.
CHAPTER II. RETROSYNTHETIC ANALYSIS
II. 1. Introduction.
The synthesis of the target molecules could be approached from several 
different pathw ays. In this research project, we p lanned  to synthesize three 
different types of target molecules. The first, molecule 1, is a five-membered 
ring derivative of t ryp tophan  in w hich its a -carbon of amino acid moiety is on 
the five-membered ring; the second, molecule 2 , is also the five-membered ring 
derivatives of tyrosine and tryp tophan , bu t its a -carbon  of the am ino acid 
moiety is not on the ring, it is adjacent to the ring; the third, molecule 3, is the 
cyclopropane derivatives of tyrosine and tryptophan, their a-carbons are on the 
three-membered rings.
Retrosynthetic (or antithetic) analysis is a problem-solving technique for 
transform ing the struc ture  of a synthetic target molecule to a sequence of 
progressively sim pler structures along a pa thw ay  w hich ultimately leads to 
simple or commercially available starting materials for a chemical synthesis. 
Since the analysis m ethod  w as invented by Corey in late 50s23, the systematic 
retrosynthetic thinking has perm eated  all areas of organic synthesis. The major 
valuable types of strategies in retrosynthetic analysis include: (1) transform- 
based strategies; (2) structure-goal strategies; (3) topological strategies; (4) 
strereochemical strategies; (5) functional group-based strategies; and  others. 
In practice, the more the num ber of strategies are used in parallel to develop an 
outline of analysis, the easier the analysis and the simpler the synthetic p lan is 
likely to be.
Herein, we exam ined the s truc tures of all the target molecules w ith  
different retrosynthetic strategies to analyse the possible pa thw ays to approach
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these  m olecules. For the  d ifferen t types of m olecules, the in d iv id u a l  
retrosynthetic analyses are discussed.
II. 2. Target M olecule 1 .
For ta rg e t m olecu le  1, 2 -am in o - l ,2 -d ihyd rocyc lopen ta [b ] indo le -2 -  
carboxylic acid, the analysis result is show n in  Scheme II.1. There are two 
prom ising pathw ays to approach  the target molecule. In the p a thw ay  A, this 
tricyclic netw ork of the target molecule was symmetrically disconnected at
X
C 0 2R'”
&  C X X  * fc,
R X
Scheme II. 1. Retrosynthetic Analysis for M olecule 1 .
the a-carbon  into two components: 2,3-disubstituted indole, and  am ino acid 
moiety. The 2,3-disubstituted indole is commercially available, bu t it has to be 
transform ed into the dibrom ide as an electrophile before the ring closure can be 
done. The amino acid part w ould  be the precursor of glycine. It should  react 
w ith  the d isubstitu ted  indole easily and  also should  be transform ed into the 
am ino acid in h igh  yield as show n in Scheme II. 2. Benzyl m ethyl (or ethyl) 
m alonate meets these requirements. The cyclization of the m alonate w ith  the 
indole d ibrom ide is easily carried ou t in solvents like m ethanol (or ethanol),
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w ith  sod ium  (or po tass ium ) hydrox ide  as base; the benzyl ester can be 
selectively hydrolyzed by the hydrogenolysis m ethod 24 to give the carboxylic 
acid, the resulting acid can be transform ed to the t-Boc am ino g ro u p 25 then 
amino g roup26 to give the target molecule.
QO-,R
Scheme II. 2. Retrosynthetic Pathw ay A for M olecule 1 .
In  p a thw ay  B, the am ino acid moiety could be transfo rm ed  from the 
spirohydantoin , as show n in Scheme II. 3. This transform ation has been  done 
on  in d an o n e  sys tem 22, b u t  the  yield  for the  p rocess  w as  poor. The 
sp iro h y d a n to in  could  be p re p a red  by the general p ro c e d u re  from  the 
cyclopenta[b]indol-2-one, according to the reference28. P repara tion  of the 
cyclopenta[b]indol-2-one could orig inate  from  3-indoleacetic  acid tha t is 
commercially available.
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Scheme II. 3. Retrosynthetic  Pathw ay B for M olecule 1
C om paring  these tw o p a thw ays  by exam ing each reaction  step, we 
th o u g h t  tha t the  first process could  be the better one, since all of the 
transfo rm ations  use m ild  conditions. We decided  to use p a th w ay  A to 
approach the target molecule, the pathw ay B is an alternative approach.
II. 3. Target M olecule 2.
For target molecule 2, 2-(5-hydroxyindanyl)glycine, the possible 
pa thw ay  was shown in Scheme II. 4. We chose the disconnection of the 
netw ork at the para- position of the anisole, since the palladium-catalyzed Heck 
reaction29 could be used for the ring closure. This substituted anisole can be 
disconnected into three build ing blocks. These three building blocks have to be 
synthesized, since tw o of them were not commercially available and  the 
available one was expensive. By using Wittig reaction, the Block A-B and Block 
C could couple together to give A l. Block A-B w as prepared  from Block A and 
Block B, by the procedure of Meyers3(1. The Block A could be p repared  from 
commercially available com pound  3-methylanisole, by brom inating at the 
anisole para position first, then brom inating again at methyl group to give the
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Scheme II. 4. Retrosynthetic Pathw ay for M olecule 2 .
p roduct. Block B can be p repared  with the m ethod  described by M eyers30,
staring from cheap materials acetonitrile and 2-methyl-2,4-pentanediol. Block C 
cou ld  be synthesized  from  the available m ateria ls  benzyl carbam ate  an d  
glyoxylic acid m onohydrate  with the procedure of 31, as show n in Scheme II. 5. 
The key step of this sequence w ould be the in tram olecular ring closure via












h c o c o 2h
Block C
Scheme II. 5. Retrosynthetic Pathw ay for Block C.
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The significance of the strategy is that the convergent approach can have 
a better overall yield in a multi-step synthesis, and also three build ing blocks 
can be synthesized at the sam e time from commercially available materials. 
This m eans a lot of time and m oney can be saved.
II. 4. Target M olecule 3.
For the molecule 3, 2-(3-indoyl)-l-aminocyclopropane-l-carboxylic acid, 
we are try ing to develop a shorter and general m ethod to approach them, even 
th o u g h  the deriva tive  of tyrosine has been k n o w n 32. The re trosyn thetic  
analysis is show n  in Scheme II.6 .
A / N H 2 — s  / \ \ Z o — N
N O ,
Ar / \c o 2H Ar/ 'C 0 2 Et A r^ \C O zEt
N O ,
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Schem e II. 6. Retrosynthetic Pathway for M olecule 3.
The chemical transform ation can be m ade to the amino acid from  nitro 
group and  ethyl ester, respectively. To form the cyclopropane ring system from 
the a lkene could  be accom plished  by tr im ethy lsu lfon ium  iod ide  or o ther 
reagents , since the n itro  and  ethyl ester g roups  are bo th  good electron- 
w ith d raw in g  groups. The alkene could be p repared  from the aryl a ldehyde 
and ethyl nitroacetate. The aryl could be protected indole or p -hydroxyphenyl
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groups. Both a ldehydes and  ethyl nitroacetate  could  be pu rchased  from 
Aldrich Chemical Co. The whole strategy is very simple and shorter than  the 
previous reported  approach for the tyrosine derivative32, and  also the cost of 
s tarting materials w ou ld  be low. The m ethod could be general approach  to 
cyclopropane amino acids if this strategy works on these two derivatives.
CHAPTER III. RESULTS AND DISCUSSION
The p u rpose  of this research was to synthesize the conform ationally  
constrained derivatives of the essential amino acids t ryp tophan  and  tyrosine. 
These constra ined  derivatives were designed  to mim ic the behav ior of the 
paren t amino acids closely. Herein, our synthetic efforts can be d iv ided  into 
following three types of derivatives of tryptophan and tyrosine, e.g. all of these 
different derivatives contain  the cyclo ring side-chain moieties on  a  o r  P 
carbons to prevent the rotation of the a - [3 bond, or P~y bond, or even to fix the 
ro ta tion  of bo th  a - p  and  P~y bonds  together. The resu lt ing  am ino  acid 
analogues could be applied  to the s tudy  of theories concerning fluorescence 
quench ing  m echanism s, since these constraints p reven t the ap p roach  of the 
carboxylate  and  am m o n iu m  functionalities to the arom atic  p o rt io n  of the 
molecule; also these a ,a -d ia lk y la ted  amino acids could be useful for build ing 
com form ationa lly  constra ined  p ep tide  analogs to s tu d y  their  chem ical, 
physical, and biological properties.
111.1. Synthesis of T ryp tophan  Derivatives
111.1.1. Syn thes is  of 2-A m ino-l,2 ,-d ihydrocyclopenta[b]indole-2-carboxylic  
Acid.
The retrosynthetic analysis of the target structure (figure III.l) suggested 
that am ong m any possible synthetic routes to the target molecule, the one we 






Figure III.l. Molecule 1: 2-Amino-l,2,-dihydrocyclopenta[b]indole-2-
carboxylic Acid.
In order to examine the pathw ay, a model experim ent was perform ed, as 
sh o w n  in Scheme III.l. The 2-amino-indan-2-carboxylic acid was chosen as a 
m odel molecule, since it has the similar cyclopentene structure and amino acid 
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Scheme III.l. Model Reaction: Synthesis of 2-Amino-indan-2-carboxylic
Acid
21
group  instead of an  indole  group. We choose a ,a '-d ib ro m o -o -x y le n e  and 
benzyl methyl malonate as starting materials, because they are commercially 
available and also m uch easier to handle in the cyclization step com pared with 
Kuki's procedure33.
The benzyl methyl malonate was treated w ith excess sodium  hydroxide 
in  THF at room  tem pera tu re  and  dialkylated w ith  a ,a '-dibrom o-o-xylene to 
give the cyclic p roduc t in 72 % yield. Hydrogenolysis  of the cyclic diester in 
m ethano l w ith  pa llad ium  on carbon (10%) gave the  m onocarboxylic  acid 
m ethyl ester in quantitative yield. The monocarboxylic acid was transform ed 
into the tert-butoxycarbonam ino group by reaction of 1 equivalent of the acid 
m ethy l ester w ith  1.1 equ ivalen ts  of d ip h e n y lp h o sp h o ry l  az ide  and  1.1 
equivalen ts  of tr ie thylam ine in tert-butyl alcohol at refluxing tem perature , 
according to a procedure by Evens34, in 50 % yield w ithout optimizing.
Deprotection of the m ethyl group by sodium  hydroxide  in m ethanol at 
refluxing tem perature  overnight gave the t-Boc amino acid derivative in almost 
quan tita tive  yield (98 %). This derivative could be directly  useful for the 
conformationally constrained peptide synthesis, since the t-Boc g roup  is one of 
tw o m ost com m only applied protecting groups in solid pep tide  synthesis (the 
o the r one is the Fmoc group). The t-Boc am ino acid derivative  w as easily 
transform ed to the final free amino acid by deprotecting the t-Boc g roup  in a 
so lu tion  of trifluroacetic  acid, phenol, and  w ater  for tw o  h o u rs  at room  
temperature. The transformation was quantitative.
Or, bo th  t-Boc and  methyl groups could be depro tected  in one single 
step, w hich was perform ed in 3N HC1 solution by refluxing it for 2 h to give the 
final free am ino acid p roduc t in quantitative yield. Since both  deprotection 
routes give excellent yields of free amino acid, w hich one of them  w ould  be 
chosen in the synthesis only depends on the application of the free am ino acid.
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Successes on this pa thw ay for our model molecule had  convinced us to utilize 
the same m ethod synthesizing our target molecule 1 .
The synthesis of target molecule 1 (in Scheme III.2) was started by 
protecting the nitrogen on  2,3-dimethylindole, w hich is commercially available. 
The 2,3-dimethylindole in THF solution was added  to excess sodium  hydride 
suspended in THF at 25 °C, the mixture was stirred for several hours. Here, it
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Scheme III.2. Synthesis of 2-Amino-l,2,-dihydrocyclopenta[b]indole-2-
carboxylic Acid.
23
was noticed tha t the m ixture  has to be stirred longer to obtain a h igh  yield, 
since this indole ring bears tw o electron-donating methyl groups. This electon- 
d o n a tin g  effect probably  s lows the dep ro to n a tio n  step. Benzenesulfonyl 
chloride in te trahydrofuran  was then slowly added  into the solution at -78°C, 
and  stirred for several hours, and  N-benzenesulfonyl-2,3-dimethylindole was 
obtained in 89 % yield. This com pound  is photo  and  air sensitive. Here, the 
benzenesulfonyl chloride w as chosen as pro tec ting  g roup  for the n itrogen  
based  on  the following factors: (1) it can be easily p u t  on and  taken off in h igh 
yield35; (2) the products could be crystallized due  to its rigid structure; (3) it is 
commercially available and low cost.
B rom ination of N-benzenesulfonyl-2,3-dimethylindole was perform ed 
by  ad d in g  1 equ ivalen t of the indole  com p o u n d , 2.2 equ ivalen ts  of N - 
brom osuccinimide, and a trace of benzoyl peroxide in benzene, and  refluxing 
the solution for five hours to give an excellent yield (96 %) of the dibrom ide. 
Benzene was used instead of carbon tetrachloride because of cost.
Then 1.1 equivalents of commercially available benzyl methyl malonate 
w as treated w ith  2.2 equivalents of sodium  hydroxide in THF and dialkylated 
w ith  1 equivalent of the d ibrom ide at room tem perature  to give the product. 
We followed the reaction and found that 24 h  gave the best yield at 77 %.
The s tra tegy  d ev e lo p ed  to a llow  selective  este r  h y d ro ly s is  w as 
hydrogenation. Hydrogenation is an excellent m ethod for this purpose, since it 
selectively takes the benzyl g roup  off w ithou t touch ing  the m ethy l ester. 
H ydrogenation  in Parr bottle converted the diester into the monoacid, m ethyl 
ester. The first few experiments we tried show ed  at least three mixtures were 
formed that were very difficult to seperate. Then we reduced the total reaction 
time. The results showed only one product was formed after six hours reaction, 
and 96% of p roduct was obtained.
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This carboxylic acid is transform ed into the fe rf-bu toxycarbonam ino  
g ro u p  by the reaction of 1 equivalen t of the acid w ith  1.5 equivalen ts  of 
d ipheny lphosphory l azide, and  1.5 equivalents of triethylamine in tert-butyl 
alcohol. For this one pot and  two step transformations, 70-85 %, w as obtained 
w hen  w e transfered all of starting materials to the reaction flask in a glove box; 
going up  from 30 - 50 % yield.
U p o n  crysta ll iza tion  from  ethanol, the p ro tec ted  am ino  acid was 
obtained as colorless crystals. The conformation of the molecule and  the atomic 
labeling  are il lu s tra ted  in Figure III.2. This n u m b erin g  schem e is used  
throughout. The aromatic six-membered ring of the indole, the five-membered 
ring  of indole, and  the fused five-membered ring of the carbons are coplanar 
w ith  a m axm ium  deviation 0.052 A. Carboxylate oxygen atom O 4 in the methyl 
ester is syn to the protected amino nitrogen atom N 2 w ith a torsion angle N 2- 
C 10-C 12-O4 of 3.4 (3)°. The methyl carbon atom is anti to the a-carbon atom  of 
the am ino acid Ciq w ith  a torsion angle 177.3 (2)°. The m ethyl ester plane is 
almost perpendicular to the plane of three fused rings. The t-Boc oxygen atom 
O 5 is syn to the a-carbon atom of the amino acid C 10 w ith a torsion angle Q q- 
N 2-C20-O5 of -2.5 (3)°. The aromatic six-membered ring in the other protecting 
group  of indole nitrogen adopted  a plane which is perpendicular to the indole 
tricyclic plane. This conformation seems to be determ ined by interm olecular 
hydrogen  bonding.
Deprotection of the methyl and benzenesulfonyl groups was acheived in 
a single step w ith  sodium  hydroxide in methanol. The reaction was first tried 
w ith  2 equivalen ts  of sod ium  hydroxide  and 1 equivalent of the protected 











Figure III.2. ORTEP Drawing of Methyl 2-ferf-Butoxycarbonamido-8- 
benzenesulfonyl-l,2-dihydrocyclopenta[b]indole-2-carboxylate
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show ed that only methyl ester was deprotected, the benzenesulfonyl group was 
still on the ring; then w e tried to reflux the reaction system for another several 
hours, most of the benzenesulfonyl g roup  was still not removed. H owever, 9 
equ iva len ts  of so d ium  hydrox ide  and  1 equ iva len t of the  am ino  acid in 
m ethanol a 10 h  reflux gave the t-Boc amino acid p roduct in 96% yield.
The final t-Boc g ro u p  cleavage was pe rfo rm ed  by ad d in g  4 mL of a 
reagent, com posed of 90% of trifluroacetic acid, 5% of phenol solution, and 5% 
of water, to 0.1 g (0.3 mmol) of the t-Boc amino acid. The reaction was stirred at 
room  tem perature  for 10 m in under argon and w ithout light. The solution was 
p o u re d  into 4 mL of w ater and extracted w ith  diethyl e ther ( 4 x 5  mL), the 
aqueous  phase  w as frozen at -78 °C, and  freeze d ried  for 24 h. The final 
p roduc t was purified by ion-exchange resin chrom atography and elution with 
0.3 N  N H 4O H  solution to give the free amino acid in 95% yield.
Identification  and  de te rm ina tion  of the s truc tu res  of each  p ro d u c t  
d ep en d  on  their NM R spectra and  are discussed here. The N M R spectra of 
the target molecule 1, in DMSO-ds solvent, shows that at 53.50-3.22 p p m  and  5 
2.92-2.77 p p m  regions there are two doublet and  double t signals, respectively, 
w ith  the coupling constants: 16.6 Hz, 14.8 Hz, 16.8 Hz, and  14.4 Hz. From the 
s tructure , Figure III.3., w e know that the a-carbon  is a chiral center, thus the 
tw o C H 2 protons on  the (3-carbons are no longer the same. This is the typical 
AB system for NMR spectra, so that the two protons on the same carbon
:o o hCOOH
Figure III.3. M olecule 1 and M odel M olecule
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w ould be coupled to each other and  split the original single peak to the doublet 
and  doublet peaks. Therefore, tw o CTb groups on the five-membered ring 
contribute these tw o double t and doublet signals to give the resulting spectra. 
Here, the chemical shifts for these C H 2 protons are 3.45 and 2.88, 3.25 and 2.81, 
respectively. The 13C NM R spectra shows there are three signals at 36.6, 37.1, 
and 69.7 p p m  for two C H 2 carbons as well as the chiral a-carbon.
A similar spectra was observed for the model molecule. The difference is 
the model molecule has an symmetric structure, in Figure III.3., hence the peaks 
of tw o C H 2 g roup  protons overlap  each other and  gave only one doublet and 
doublet signal. In 13C NM R spectra, the tw o C H 2 carbons also overlaped  to 
give only one peak  because of its symmetrical character.
H ow ever, for those in term ediates  of both target molecule and m odel 
molecule, some unusual *H NMR spectra of the P-carbon C H 2 were observed: 
w h e n  the a -c a rb o n  w as bear ing  tw o different carbonyl g roups, w h e th er  
carboxylic acid or carboxylate, in Figure III.4., the C H 2 protons only gave one
Figure III.4. The Diesters of Molecule 1 and Model Molecule
single peak instead of tw o peaks. This is probably because the a -carbon is a 
pseudoasym m etric  center, the distance from the C H 2 protons to the different 
substitutes on the tw o carbonyl groups is about four to five atoms long and 
these subsitutes have too small an effect on these p ro tons to see spliting. But,
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w hen  one of these carbonyl groups was transformed to the amino substi tu te ,  in 
figure III.5., the CTb protons give normal two doublet peaks in their spectra.
We developed the m ethod to synthesize the target molecule 1 in seven 
steps w ith  an overall yield 40 %, w hich is almost three times higher than the 
m ethod  described by Pellicciari36. There are two advantages to this method: 
first, it could be easily applied for the synthesis of m any other a ,a -d ia lky la ted  
am ino  acid analogues; second, the t-Boc-amino acid deriva tive  could be 
directly  used  for pep tide  synthesis to build  com form ationally  constrained  
peptides.
III.1.2. Synthesis of 2-(l,2-Dihydrocyclopenta[b]indol-3-yl)glycine
Progress tow ards  the p repara t ion  of the cyclopentane derivative  of 
try p tophan  was made. This com pound contained a cyclohexane ring w hich 
restricts motions about the (3-y bond of the side indole ring. According to the 
retrosynthetic analysis, in order to synthesize the target molecule, we need to 
synthesize  three small "bu ild ing  block" m olecules first, then  couple them  
together to have the final product, as shown in Scheme III.3.
Figure III.5. Protected Molecule 1 and Model Molecule
Block A Block B
/  Block C
H O 7C C N H
Scheme III.3. Synthesis of 2-(l/2-Dihydrocyclopenta[b]indol-3-yl)glycine
Block A and  C are not commercially available. Even though the 'block B' 
is commercially available, it is relatively expensive. Hence, w e decided  to 
synthesize all of these blocks ourselves. The synthesis of 'Block A' followed an 
approach  described by N agara thnam 37 show n in Scheme III.4. It began w ith 
the protection of the indole nitrogen on 2-methylindole w ith 1.1 equivalents of 
dim ethyl carbonate and  equal equivalent of LiHMDS. The pro tected  indole 
w as  b ro m in a te d  at 3 -position  first w ith  N -b rom osuccin im ide  in carbon 
tetrachloride at room  tem perature  for 12 h; after that it was also brom inated  at 
the 2-methyl group w ith  the same reagent but at refluxing tem perature  for 8 h. 
The yields for three  reactions were very good. The NM R characterization 










Scheme III.4. Synthesis  of 'Block A'
'Block B' was synthesized, according to the procedure of Meyers38, et al. 
as show n in Scheme III.5., from acetonitrile and  2-methyl-2,4-pentanediol in 







Scheme III.5. Synthesis  of 'Block B'
excess concen tra ted  sulfuric  acid at 0 °C, fo llow ed by slow ly ad d in g  1 
equivalent of 2-methyl-2,4-pentanediol to the above solution to give the 'block 
B' w ith  a 70 % yield after purification. To have a h igher yield product, we 
noticed that the reaction tem peratu re  has to be kept below 0 °C while adding 
the materials to the concentrated sulfuric acid solution, since it is an exothermic 
reaction. Therefore, in o rder to m ain ta in  the w hole  reaction process at low
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tem perature , addition  of the chemicals to the sulfuric acid solution has to be 
very very slow; and stirring has to be efficient.
'Block C' w as synthesized in three steps from oc-hydroxy-N-benzyloxy 
carbonylglycine, followed an  approach  described by Ishai and  Schm idt^3 as 
s h o w n  in Scheme III.6 ., in w hich  1 equivalent of benzyl carbam ate and  1.1 
equivalent of glyoxylic acid m onohydrate
w as stirred in diethyl ether solution for 12 h  to give the p roduct a-hydroxy-N - 
benzyloxycarbonylglycine in 75 % yield after purification.
The ad d u c t  w as d isso lved  in absolu te  m ethano l and  concen tra ted  
sulfuric acid was slowly added. The mixture was stirred at room  tem perature  
for four days to give the p ro d u c t  in 85 % yield. H erein , we m odified  the 
p rocedure  by keeping the reaction stirred at room tem peratu re  for two days 
longer than  the procedure described, which gave us a 15 % higher yield.
The m ethy l 2-benzyloxycarbonylam ino-2-m ethoxyace tate  w as then 
dissolved in toluene, and  treated w ith  an equivalent of phosphorus  trichloride 
at 70 °C for 18 h. At the sam e tem perature, trim ethyl phosphite  was added  
d ro p w is e  and  s t ir red  for 2 h  to g ive m e th y l  N  -benzyloxycarbonyl-2-
O O  + O 
H - M - O H  H 2N -(? -0 -C H 2-Ph
M e O H
H*
M eO -C -C -H N -C -0-C H 2-P h
0 = P (0 M e )2
O -C h b -P h
P(OMe)
Scheme III.6 . Synthesis  of 'Block C'
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(dimethoxyphosphinyl)glycineacetate in 80 % yield. The overall yield for these 
reactions is 51 % (lit. 40%).
The attem pted coupling of block A and B was unsuccessful, because the 
m ethoxycarbony l on  the  indo le  n i tro g en  w as d ep ro tec ted  u n d e r  these 
condition, as illustrated in Scheme III.7. To overcome the problem, we could 
either change the protecting g roup  in 'block A' or m odify  conditions of the 
reaction. The coupling  of the 'b lock  A-B' an d  'b lock C ' w ou ld  be very 
promising, since it w orks very  well in ou r tyrosine derivative (Section III.2). 
This w ork will be continued in our group.
0 ,M e
C 0 2Me 
Block A-B
Scheme III.7. A ttem pted  Synthesis of 'Block A-B'
III.1.3. Synthesis  of 2-(3-Indoyl)-l-am inocyclopropane-l-carboxylic  Acid
Synthesis of the ta rge t m olecule was a ttem pted . This cyclopropane 
derivative of tryp tophan  contains a cyclopropyl ring w hich  restricts motions 
about the a~ P  bond. The synthesis began  w ith the protection of the indole 
nitrogen on  indole-3-carboxaldehyde w ith  N aH  in THF and benzenesulfonyl 
chloride. The reaction proceeded in  very good yield. The protected aldehyde 
was reacted with several precusors to amino acids.
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First, the protected a ldehyde  was condensed w ith  ethyl nitroacetate 
u nder  modified Knoevenagel reaction conditions, e.g. titanium  tetrachloride
:h oHO
n o 2
Et NnH /D M SO
Ph Ph
Scheme III.8 . A ttem pted Synthesis  of 2-(3-Indoyl)-l-am inocyclopropane-l-
carboxylic Acid
w as u sed  to help  activate the  a ldehyde group, to give a yellow crystalline 
adduct, as show n in Scheme III.8 . X-ray crystallographic determ ination of the 
p roduct show ed that the crystalline adduct is cis or Z product, as in Figure HI.6 . 
This p roduc t was reacted w ith  dim ethylsulfoxonium  m ethy lide39. Instead of 
the desired  cyclopropyl ring formed, an 4,5-dihydro-l,2-oxazine-2-oxide five- 
m em ber ring p roduc t was formed. The possible reaction m echanism  for this 








Figure III.6. ORTEP Drawing of Ethyl 2-Nitro-3-(AT-Benzenesulfonylindole-
3)-2-propenoate
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believed  to be due  to the n itro  group. The d im ethylsu lfoxonium  m ethylide 
anion attacks the (3-carbon of the alkene and transfers the pair of electrons of the 
doub le  b o n d  to the oc-carbon to form  the anionic in term edia te . O n this a - 
carbon, it has tw o strong electron-w ithdraw ing substituents. The strong
Schem e III.9. The Proposed M echanism  for The Form ation of Five-m em bered
Ring.
electron negativ ity  and  also resonance structu re  of the n itro  g roup  helped  to 
delocalize the electrons and  stablize the anion. The m ore stab lized  oxygen 
an ion  of the n itro  g roup  then  attacks the m ethylene carbon to give the five- 
m em bered  ring product. The proposed  m echanism  is show n in Scheme III.9. 
Identification  of this p ro d u c t by the NM R spectra show ed tha t at 55.03-4.94, 
4.88-4.80 ppm  there are tw o gem CH2 protons. Their small coupling constants,
/*■ "C ^ N -O
” \ D ,E t
Ar = Indole
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about 4 to 9 Hz, is because the C H 2 carbon is directly connected to the electron- 
negative atom s O-N-.
Second, w e follow ed the approach  described by W illiam s et al4i). An 
a tte m p t to  c o n d en se  th e  p ro te c te d  a ld e h y d e  w ith  (3S,5S,6R)-4-(fcrf- 
butoxycarbonyl)-3-(dim ethoxy-phosphoryl)-5,6-diphenyl-2,3,5,6-tetrahydro- 





A = N aH  /  THF; B = LDA /  THF; C = TiCl4/T H F , NaH.
Schem e 111.10. A ttem pted  Synthesis of The A lkene C om pound ,
III. 10. H ere  the (3S,5S,6R)-4-(ferf-butoxycarbonyl)-3-(dim ethoxyphosphoryl)- 
5,6-diphenyl-2,3,5,6-tetrahydro-4H -l,4-oxazin-2-one w as synthesized according 
to  the p rocedure  of W illiam s41, show n in Scheme III.10., by b rom ination  of 
(5S,6R)-4-(ferf-butoxycarbonyl)-5,6-diphenyl-2,3,5,6-tetrahydro-4H-l,4-oxazin- 
2-one first w ith  N -brom osuccinim ide in carbon tetrachloride, then  reacted w ith  
trim ethyl phosphite  in toluene. Efforts to apply other bases, like LDA and N aH  
w ith  TiCLi, to the reaction w ere also unsuccessful. The failure of this reaction is
HO











believed to be due to the steric hindance of anion and the low reactivity  of the
aldehyde.
III.2. S ynthesis  of D erivatives of Tyrosine.
III.2.1. Syn thesis  of 2-(5-H ydroxyindanyl)glycine.
The best approach  tow ards the synthesis of the constrained derivative of 
tyrosine, 2-(5-hydroxyindanyl)glycine, is show ed in Scheme III .ll. The
Schem e I I I . l l .  Synthesis of 2-(5-H ydroxyindanyl)glycine.
app roach  involves the coupling of three build ing blocks. The "block A " was 
synthesized  from  com m ercially available 3-m ethylanisole as show n in  Scheme
Br Br




T h B r
Schem e 111.12. Synthesis of "Block A"
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111.12. The first b rom ination  at the /nmmposition of anisole w as perform ed by 
dropw ise add ition  of brom ine to the starting  com pound in benzene solution at 
-78 °C. This reaction gave m ainly tw o isomers: the para and ortho brom ides in a 
90 : 10 ratio. The separa tion  of the m ixture w as carried  o u t by low pressu re  
d is tilla tio n  to  g ive the  m ajo r iso m er 3 -m e th y l-4 -b ro m o an iso le . The 
m o n o b ro m id e  w as b ro m in a te d  ag ain  a t the 3-m ethy l p o s itio n  w ith  N - 
b rom osuccin im ide in  benzene at refluxing tem pera tu re  for 5-6 h  to give the 
d ibrom ide in  96 % yield. The p ro d u c t can be purified  by recrystallization  in 
m ethanol solution. The tw o steps give “Block A" in an overall 84 % yield.
'Block B' w as syn thesized  accord ing  to the  p ro cedu re  of M eyers as 
show n in Scheme III.5. We followed a procedure by Ishai and  Schm idt31 et al. 
to synthesize the block C as show n in Scheme III.6 . The coupling of block A 
and B w as com pleted by depro tonation  of 2-m ethyl group  on  'block B', 2,4,4,6- 






O xalic  Acid
Schem e 111.13. Synthesis of "Block A-B"
add in g  the sam e equ ivalen t of "block A", 3-brom om ethyl-4-brom oanisole, to 
the solution and stirred  for several hours to give the p roduct, 3-(2-ethyl-4,4,6-
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trim ethyl-5,6-dihydro-l,3-oxazine)-4-brom oanisole, in 79 % yield. The product 
w as then  reduced w ith  sodium  borohydride in ethyl alcohol solution at pH  = 7 
at abou t - 35 to - 45 °C to give the p roduct, 3-(2-ethyl-4,4,6-trimethyl-2,3,5,6- 
tetrahydro-l,3-oxazine)-4-brom oanisole, in 85 % yield. For this reduction, we 
have noticed  from  ou r experim ents th a t either h igher or low er tem peratu re  
gave low er yield. In o rder to couple w ith block C, the reduction  p roduct has to 
be hydro lysed  to give the aldehyde, w hich can be reacted  w ith  block C. The 
hydro lysis  w as carried out in the oxalic acid solution, the te trahydrooxazine 
w a s  t r a n s f o r m e d  t o  t h e  a l d e h y d e ,  3 - ( 2 - b r o m o - 5 -  
m ethoxyphenyl)propionaldehyde, in poor yield 30 %. A ttem pted  im provem ent 
of the hydrolysis yield for this system  was unsuccessful.
The a ldehyde w as coupled  w ith  block C, u n d e r the general W ittig  
reaction  conditions, as in  Schem e III.14. The W ittig  reag en t, block C, in 
d ich lorom ethane solution w as slowly d ropped  into a suspension  of potassium  
ferf-butoxide in  d ich lorom ethane at -78 °C. A so lu tion  of the a ldehyde  in 
d ich lorom ethane w as d ro p p ed  in to  the above so lu tion  and  stirred  for 2.5 h. 
A fter purification, a solid p roduct was obtained in 91 % yield. The p roduct can 
be recrystallized in ethanol to give w hite fine crystals.
The in tram olecular ring  closure converted the chain  com pound  to the 
ring  p roduct, show n in  Scheme III.14. We follow ed the p rocedure  developed 
by  D ygos42 for the p rep a ra tio n  of a derivative  of ty rosine, w hich  w as an 
in term olecu lar reaction. The starting  chain com pound , catalytic am o u n t of 
p a llad iu m  acetate, tri-o-to ly lphosphine and  trie thy lam ine  w ere  d iso lved  in 
acetonitrile and refluxed for 22 h.
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C H ,€ H 3
NHCO,CH,P1i
CH3i
Schem e 111.14. S ynthesis  of 2-(5-H ydroxyindanyl)glycine.
We found  tha t if the  reagen ts  and  so lvents w ere no t w ell d ried  or 
degassed, the reaction w ould  either fail or give very low yield, since any trace 
am ount of air and w ater w ould  deactivate or destroy the catalyst. The solvent 
and  liquid  reagents m ust be d ried  first, then degased; and all of reagents and 
solvents have to be added  to the reaction vessel in a d ry  box. The yield for this 
in tram olecular ring-closing reaction w as 53 %. The next step, reduction  of the 
double bond, w hich is a~P bond  to the am ino acid, has been tried. We have 
tried the reduction of the com pound  w ith pallad ium  on carbon (10 %) at room  
tem peratu re  and  one atm , b u t all s tarting  m aterial w as recovered. There are 
m ore catalysts w hich could be tried. Protecting group rem oval is likely to be 
facile.
This m ethod appears to be an excellent w ay to m ake fused-ring  am ino 
acid derivatives, and  the success on this five-m em bered ring system  w ould  be 
also help to m ake the six-m em bered ring com pound.
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III.2.2. A ttem pted  S y n t h e s i s  o f  2 - ( 4 - H y d r o x y p h e n y l ) - l -
am inocyclopropane-l-carboxylic  Acid
The synthesis of the target m olecule has been repo rted  by Stam m er, et 
a l32. w ith  a tw elve step  approach . H erein , we a ttem p ted  to ap p ro ach  this 
m olecule w ith  other sim pler m ethods iia only five to six steps.
TiCiPpyridine
Q 2NCH 2(fo 2Et
N aO H
PhCH^Br
Schem e 111.15. Synthesis of Ethyl 2-N itro-3-(4-Benzloxyphenyl)-2-propenoate
The synthesis w as started  from the protection of the hydroxy group  of 4- 
hydroxybenzaldehyde w ith  benzyl brom ide w ith  50 % N aO H . This protected  
a ldehyde w as first condensed  w ith  the p recursor of am ino acids, as show n in 
Schem e III.15., e.g. u n d er the m odified K noevenagel condensation  condition, 
the a ldehyde w as reacted w ith  ethyl n itroacetate to give a yellow  adduct. The 
p ro d u c t w as rec ry sta llized  in  e thano l to g ive a yellow  crystals. X-ray 
crysta llog raph ic  d e te rm ina tion  of the p ro d u c t show ed  th a t the crystalline 
ad d u c t is the Z p roduct, the n itro  g roup  is cis to the pheny l g ro u p  w ith  a 
torsion angle C4-C7-C8-N 1 of 3.19 (0.3)°. Carboxylate oxygen atom  O 2 is syn to 
the nitrogen atom  w ith  a torsion angle N ]-C s-C 9-0 2 of 2.05 (0.26)°, as show n in 
F igure III.7. H ow ever, the p ro to n  NM R show s th a t the p ro d u c t is Z and  E 
isom ers in  70 : 30 ratio. The adduct w as reacted  w ith  d im ethy lsu lfoxonium  
m ethylide, bu t the expected cyclopropane ring p roduct failed to form. The X- 
























Figure III.8. ORTEP Drawing of 3-Ethoxycarbonyl-4-(4-benzloxyphenyl)-4,5-
dihydro-2H-l,2-oxazine-2-oxide
44
characterization, all confirm ed this p ro d u c t as an 4,5-dihydro-l,2-oxazine-2- 
oxide five-m em bered  ring. The configura tion  of the five-m em bered  ring  
p ro d u c t and  the atom ic labeling  are illu s tra ted  in  F igure III.8 . The five- 
m em bered  ring has an  envelop conform ation w hich the C H 2 g roup  o u t of the 
p lane w ith  the torsion angle O4-N 1-C8-C 7 of -0.58 (0.32)°, the torsion angle C i7- 
O4-N 1-C8 of 12.81 (0.31)°, an d  the torsion angle C 17-C 7-C8-N 1 of -10.74 (0.31)°. 
C arboxylate oxygen atom  O 2 is syn to the n itrogen  atom  w ith  a torsion angle 
N 1-C8-C9-O2 of -6.02 (0.52)°. The proposed  m echanism  for the five-m em ebered 
ring  p roduct is show n in Scheme III. 16.
Schem e III.16. The Proposed  M echanism  for the F ive-m em bered R ing
Form ation
r , N - o
"\X >,E t
.N—O
Ar = p-hydroxyphenyl NH-O
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Second, we follow ed the approach  described by W illiam s et al41. O ur 
a ttem p t to condense the a ldehyde w ith  (3S,5S,6S)-4-(tert-botoxycarbonyl)-3- 
(dim ethoxyphosphoryl)-5,6-diphenyl-2,3,5,6-tetrahydro-4H -l,4-oxazin-2-one, 
w hich  is from  (5S,6R)-4-(tert-butoxycarbonyl)-5,6-diphenyl-2,3,5,6-tetrahydro- 
4H-1,4 -oxazin-2-one, w ith  N aH  as base, was unsuccessful.
CHAPTER IV: EXPERIMENTAL SECTION
IV .l. G eneral Procedures
U nless indicated  otherw ise in a specific experim ent, all of the chemicals 
w ere  reag en t g rade  and  used  w ith o u t fu rth e r purifica tion . Benzene w as 
refluxed and  distilled  from  C aH 2- T etrahydrofuran  (THF) w as d istilled  from  
po tassium  /b en zo p h en o n e  u n d e r n itrogen. D iethyl ether w as d istilled  from  
liquified sodium -potassium  alloy. D ichlorom ethane and hexane w ere refluxed 
and distilled from  C aH 2-
C olum n chrom atography procedures involved silica gel (Aldrich, 60-200 
m esh  an d  230-400 m esh) and  fluorosil (F ischer Scientific, 60-100 m esh) 
chrom atographic grade.
M elting  p o in ts  w ere  m easu red  on a T hom as H oover (UNIM ELT) 
capillary m elting point apparatus and are uncorrected.
FT-IR spectra w ere recorded on a Perkin-Elm er 1760X spectrom eter. KBr 
pellets and  nujol mulls w ere used.
NM R spectra w ere recorded  on a Bruker AC 200 spectrom eter at 200 
M H z for lH  and  50 M Hz for 13C. C oupling  constants are rep o rted  as line 
sep ara tio n s  in hertz . NOESY and  selective irrad ia tio n  experim en ts  w ere 
reco rded  on  a B ruker AC 200. C hem ical shifts are rep o rted  in  8 or p p m  
dow nfield from  tetram ethylsilane as the internal standard . 3-(Trim ethylsilyl)-l- 
propanesulfonic acid sodium  salt (DSS) w as used as internal s tandard  w hen the 
spectra w ere ru n  in D2O.
G C /M S  (electron im pact) operating at 70 eV on a H ew lett Packard 5971 
and FAB-MS spectra w ere recorded on a Finnigan TSQ 70 m ass spectrom eter. 
H igh  reso lu tion  m ass determ inations w ere perform ed at the M idw est Center 
for M ass Spectrom etry of the U niversity of Nebraska-Lincoln.
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E lem ental analyses for new  com pounds w ere p e rfo rm ed  by O neida 
Research Services, Inc. (W hiteboro, NY).
All experim ental p rocedures below  are p receded  by a reaction schem e 
show ing  the s tarting  m aterial, the chem icals req u ired  for the transform ation , 
and  the final product.
IV.2. Procedures.
Benzyl 2-C arbom ethoxyindane-2-carboxylate
In a 100 mL flask, 2.37 g (11.4 mmol) of benzyl m ethyl m alonate, and  0.91 
g (22.8 m m ol) of sodium  hydrox ide  w as ad d ed  in to  50 m L dry  THF. The 
m ixture w as stirred  for 30 m in at room  tem perature, 3.0 g (11.4 m m ol) of a , a '-  
dibrom o-o-xylene w as added  into the solution, and  the reaction w as stirred  for 
24 h. The w hite cloudy m ixture w as poured  in to  30 mL of w ater. The solution 
w as extracted w ith  diethyl ether (3 x 50 mL), the com bined ether solution was 
w ashed  (2 x 40 mL) w ith  sa tu ra ted  sodium  chloride so lution, and  d ried  over 
MgSC>4. A fter rem oval of the e ther solvent, the residue  w as purified  by silica 
gel colum n w ith  hexane : ethyl acetate (4 : 1) to  give a liquid  p roduct, w ith  a 
yield 2.54 g (72%). IR (KBr) 3462,1735 cm*1. NM R (200 M Hz, CDCI3) 5 7.35- 
7.28 (m, 5H), 7.19-7.15 (m, 4H), 5.18 (s, 2H), 3.67 (s, 3H), 3.61 (s, 4H). N M R 
(50 M Hz, CDCI3) 171.97, 171.35, 139.81, 135.51, 128.49, 128.24, 127.87, 126.95,
124.19, 67.26, 60.39, 52.78, 40.50. MS, m /z  (relative in tensity), 310 (M +), 264, 
250,175 (100), 143,115, 91, 65.
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Anal. Calcd. for C i9H i80 4 (310.12): C, 73.58; H , 5.85; O, 20.57. Found: C, 
73.68; H , 5.68.
2-C arbom ethoxyindane-2-carboxylic Acid
In  a P a rr  h y d ro g e n a tio n  bo ttle , 2.00 g (6.4 m m ol) of benzy l 2- 
m ethoxycarbonylindane-2-carboxylate , and  a sm all am oun t of P d /C  (10 %) 
ca ta ly st w ere  a d d ed  in  25 mL m ethano l. The m ix tu re  w as set up  for 
h yd rogenation  at 1 a tm  for 20 h, filtered, and  solvent rem oval gave a w hite  
solid p roduct, in a yield of 1.42 g (100%). m .p. 134-135 °C. IR (KBr) 2953,1698, 
1433 c m '1. NM R (200 M H z, D M S O -4) 5 7.23-7.13 (m, 4H), 3.66 (s, 3H), 
3.45(s, 4H); 13C NM R (50 M Hz, D M SO -4) 172.40,171.79,139.92,126.72,124.11, 
59.64, 52.68, 39.93; MS, m /z  (relative intensity) 221(M+), 203,175,115, 91.
Anal. Calcd. for C 12H 12O 4 (220.22): C, 65.45; H , 5.49; O, 29.06. Found: C, 
65.24; H , 5.54.
M ethyl 2-terf-B utoxycarbonam idoindane-2-carboxylate
In a 100 mL flask, 1.0 g (4.5 mmol) of 2-carbom ethoxyindane-2-carboxylic 
acid, 30 mL of tert-butyl alcohol, 0.48 g (4.77 m m ol) of triethylam ine, and 1.35 g 
(4.77 m m ol) of d ip h en y lp h o sp h o ry l azide  w ere ad d ed  in a d ry  box. The 
so lu tio n  w as re flu x ed  fo r 20 h  u n d e r  a rg o n , d ilu te d  w ith  100 m L 
d ich lorom ethane, w ash ed  w ith  w a ter (2 x 50 mL), and  d ried  over M g S 0 4. 







chrom atography on silica gel w ith  hexane : ethyl acetate (4 : 1) to give a w hite 
solid p roduct, yield is 1.33 g (50 %); m p 140-141 °C. IR (KBr) 3343, 2973, 1707
MS, m /z  (relative intensity) 292 (M+), 251, 236,192,174,132,115.
Anal. Calcd. for C i6H 2i N 0 4 (291.13): C, 66.01; H , 7.27; N , 4.81; O, 21.91. 
Found: C, 65.70; H , 7.09; N, 4.70.
2-fert“B utoxycarbonam ido-indane-2-carboxylic Acid
In a 100 mL flask, 0.5 g (1.7 m m ol) of m ethyl 2-ferf-butoxycarbonam ino- 
indane-2-carboxylate was disolved in 20 mL of m ethanol and 0.4 g (10 m m ol) of 
sod ium  hydroxide. The reaction w as s tirred  for 20 h  at room  tem peratu re . 
Then 20 mL of IN  HC1 solution was added , the so lu tion  w as ex tracted  w ith  
d iethyl ether (3 x 20 mL) and  dried  over M gS 04. A fter rem oval of the solvent,
the pure  solid residue w as rem ained w ith  a yield of 0.46 g (98%); m .p. 154 °C. 
IR 1714, 1486, 1396, 1254, 1163, 1016. NM R (200 M Hz, D M S O -4  ) 5 7.17
c m '1. 1H NM R (200 M Hz, CDC13) 5 7.19 (s, 4H), 5.07 (m, 1H), 3.76 (s, 3H), 3.63 
(d, /  = 16.5 Hz, 2H), 3.20 (d, /  = 16.5 Hz, 2H), 1.42 (s, 9H); NM R (50MHz, 
CDCI3) 165.05, 154.47, 139.78, 126.98, 124.56, 65.95, 52.63, 44.00, 40.60, 28.26.
N H C 0 2-t-Bu
c o 2c h 3
NnOH
(m, 4H), 3.41 (d, /  = 16.5 Hz, 2H), 3.18 (d, /  =16.6 Hz, 2H), 1.36 (s, 9H). 13C NMR 
(50 M Hz, D M S O -4  ) 175.2,155.2,140.4,126.4,124.3, 78.0, 65.1, 42.9, 28.2.
.N H , TFA
* nlf
0 3  H  l ’h e n o l  
H ,0
N H C O r t-Bu
0 0 2H
2-A m inoindane-2-carboxylic Acid
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A. In a 100 m L flask , 0.62 g (2.1 m m ol) of m eth y l 2-tcrt- 
butoxycarbonam idoindane-2-carboxylate and 20 mL of 3 N  HC1 w ere refluxed 
for 3 h, cooled to room  tem perature, filtered and solvent rem oval gave a w hite 
solid product, 0.37 g (100%);
B. In  a 25 m L  of fla sk , 0.40 g (1.4 m m o l) o f 2-tert- 
bu toxylcarbonylam ido-indane-2-carboxylic acid w as dissolved in a solution of 
trifluoroacetic acid (3.2 mL), phenol (0.4 mL), and w ater (0.4 mL). The solution 
w as s tirred  at room  tem p era tu re  for 2 h. W ater (4 mL) w as ad d ed  in to  the 
solution. The solution w as freeze dried for 24 h. A solid p ro d u c t w as obtained 
w ith  a yield of 0.25 g (100 %); m p 249-250 °C. IR (KBr) 3030, 2887, 1722, 1204. 
!H  NM R (200 M Hz, D20 )  5 7.17 (s, 4H), 3.59 (d, /  = 17.4 Hz, 2H), 3.17 (d, /  = 17.3 
H z, 2H); 13c NM R (50 M H z, D20 /D S S ) 140.95, 130.27, 127.31, 68.12, 44.91. 




N -B enzenesulfonyl-2 ,3-d im ethylindole.
In  a 100 mL three-neck  flask, equ ip p ed  w ith  argon  inlet, outlet, and  
sep tum , 3.00 g (75.7 m m ole) of N aH  (60%, d ispersion) w as w ashed  w ith  
hexane, and  170 mL of d ried  THF w as added. A t -78 °C, w ith  stirring, 10.0 g 
(68.9 mmole) of 2,3-dim ethylindole was slowly added. The m ixture w as stirred 
for 10 h  w hile the tem peratu re  w as slowly allow ed to rise to room  tem perature, 
a b row n alm ost clear so lu tion  w as form ed. Benzenesulfonyl chloride (14.5 g,
82.1 m m ole) in 20 m L dry  THF w as slowly d ropped  into the flask at -78 °C. 
After addition, the m ixture w as stirred  for another 10 h w ith  some precipitates 
form ed. The m ixture w as p o u red  into a separatory  funnel w ith  100 mL of ice
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w ater and  extracted w ith  d iethyl e ther (3 x 70 mL). The com bined ether layer 
w as w ashed w ith  brine and  dried  over MgS0 4 . A fter rem oval of the solvent, 
the residue w as recrystallized in  m ethanol to give pale solid w ith  a yield 15.7 g 
(80%); m p 137 °C. IR (KBr) 3117, 3068, 2925, 1802, 1449. *H NM R (200MHz, 
CDCI3) 5 8.20-8.21 (d ,lH ), 7.71-7.75 (m, 2H), 7.22-7.50 (m, 6H), 2.52 (s, 3H), 2.12 
(s, 3H). 13C NM R (50 M Hz, CDCI3) 160.5, 140.0, 133.4, 132.2,131.3, 129.1,126.2,
124.0,123.3,118.3,116.2,114.5, 12.7, 8.85. MS, m /z  (relative intensity) 285(M+), 
144(100), 128,103, 77, 51, 32.
Anal. Calcd. for C i6H 15N S 0 2 (285.37): C, 67.29; H , 5.30; N , 4.91; S, 11.24; 
Found: C, 67.21; H , 5.18; N , 4.81; S, 11.28.
- j j Bs »  ( V X ”
Benzene p  r
s'o2Ph^ 0 2Ph
N -B enzenesulfonyl-2 ,3-b is(brom om ethyl)indole
In a 500 mL flask w ith  a condenser, 5.00 g (17.5 m m ole) of N -benzene 
sulfonyl-2,3-dim ethylindole, 6.25 g (35.1 m m ole) of N -brom osuccinim ide, and 
O.Olg (0.4 mmole) of benzoyl peroxide were added  in 350 mL of benzene. The 
reaction w as refluxed for 5 h. A fter cooling to room  tem perature, the solution 
w as filtered and  solvent rem oved  u n d er vacuum . The residue w as w ashed  
th rough  a silica gel colum n w ith  hexane: ethyl acetate (3 :1) to give the product; 
the yield is 7.37 g (95%); m .p  135-137 °C. IR (KBr) 3059, 2924, 2360,1569,1448, 
1368,1263,1173. !H  NM R (200 M Hz, CDCI3 ) 8 8.09-8.12 (d, 1H), 7.91-7.96 (m, 
2H), 7.25-7.60 (m, 6H), 5.13 (s, 2H), 4.65 (s, 2H). 13C NM R (50 M H z, CDCI3)
138.4,136.5,134.2, 129.3, 127.6,127.0,126.5,124.2, 121.4,121.1, 119.4, 115.0, 20.8, 
20.7. MS, m /z  (relative intensity) 442(M+), 364, 283, 218,142 (100), 115, 77, 51.
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Anal. Calcd. for C i6H i3Br2NS0 2  (443.16): C, 43.36; H , 2.96; N , 3.16; S, 7.24; 
Br, 36.06. Found: C, 43.49; H , 2.90; N, 3.08; S, 7.27; Br, 36.27.
s'o2Ph s'o2Ph
B enzyl, M ethyl 8-B enzenesu lfonyl-l,2-d ihydropenta[b ]indole-2 ,2- 
dicaboxylate
In a 100 mL flask, 2.31 g (11.3 mmol) of benzyl m ethyl m alonate and  0.9 
g (22.5 m m ol) of sodium  hydroxide were added  in 300 mL of d ry  THF. A fter 45 
m in  of stirring  at room  tem perature, 5.00 g (11.3 m m ole) of N -benzenesulfonyl- 
2 ,3-bis(brom om ethyl)indole w as slowly added  to the so lution. The reaction 
w as s tirred  at room  tem peratu re  for 24 h. The so lu tion  w as p o u red  in to  ice 
w ater, and  extracted w ith  diethyl ether (3 x 60 mL). The organic phase w as 
w ashed  w ith  brine and  dried  over MgSC>4 . A fter rem oval of the solvent, the 
residue w as crystallized in m ethanol to give a w hite solid p roduct; the yield is 
4.26 g (77%); m p 138-139 °C. IR (KBr) 3065, 2953, 2360, 1735. 1H  NM R (200 
M Hz, CDC13) 5 7.97-7.83 (m, 4H), 7.50-7.17 (m, 10H), 5.22 (s, 2H), 3.87 (s, 2H), 
3.71 (s, 3H), 3.45 (s, 2H); 13c NMR (50 M Hz, CDCI3) 171.42, 170.73, 140.10,
139.19, 138.23, 135.33, 133.72, 129.25, 128.60, 128.44, 128.04, 126.75, 126.54, 
123.95, 123.68, 123.27, 119.18, 114.44, 67.60, 63.37, 53.00, 36.39, 33.12. HR-MS: 
Calcd. 489.1246; Obsd. 489.1247.
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S 0 2Ph S 0 2Ph
2-M ethoxycarbonyl-8-benzenesulfonyl-l,2 -d ihydrocyclopenta[b]indole-2- 
carboxylic Acid
In a Parr hydrogenation  bottle, 5.00 g (10.2 m m ol) of benzyl, m ethyl 8 - 
benzene su lfony l-l,2 -d ihydropenta[b]indole-2 ,2-dicarboxylate w as dissolved in 
100 mL of ethyl acetate, then  20 m L of m ethyl alcohol w as added. A catalytic 
am ount of P d /C  (10 %) w as added  to the bottle. The reaction was kept at 25 °C 
and  1 atm  of hydrogen  for 6 h. Filtration and  solvent rem oval gave a residue 
w hich w as purified  th rough  a silica gel colum n, w ith hexane : ethyl acetate (4 : 
1; 2 : 1; 1 : 1), then  ethyl acetate to elute all the p roduct. Rem oval of solvent 
gave a solid p ro d u c t w ith  a yield of 3.92 g (96 %); m p 189-190 °C. IR (KBr) 
2954, 1735, 1447, 1370, 1267, 1177. NM R (200 M Hz, DMSO-d6) 8 7.92-7.88
M ethyl 2-ferf-B utoxycarbonam ido-8-benzenesulfonyl-l,2-dihydrocyclo- 
p en ta[b ]indo le-2 -carboxylate
In a 100 m L three neck flask, 1.0 g (2.5 m m ol) of 2-m ethoxycarbonyl-8- 
benzenesulfonyl-l,2-dihydrocyclopenta[b]indole-2-carboxylic acid, 1.03 g (3.76 
m m ol) of d ipheny lphosphory l azide, 0.37 g (3.7 m m ol) of triethylam ine w ere
(m, 5H), 7.66-7.21 (m, 4H), 3.73 (s, 3H), 3.73 (s, 2H), 3.35 (s, 2H). NM R (50 
M H z, DM SO -d6) 171.87, 171.35, 139.16, 136.91, 134.62, 129.81, 126.49, 124.07, 
123.86, 123.30, 119.36, 113.93, 62.94, 52.98, 35.72, 32.48. MS, m /z  (relative 
intensity) 355, 296, 214,154 (100), 128,102, 77, 51.
HCCL-t-Bu
S 0 2Ph S 0 2Ph
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added  in  a d ry  box. Dry tert-butyl alcohol (45 mL) w as transfered to the flask 
th rough  cannula. U nder the protection of argon, the m ixture was refluxed for 
22 h. After the reaction, 50 m L of dichlorom ethane w as added , and the m ixture 
w as w ashed  w ith  w ater (3 x 50 mL), and dried  over MgSC>4 . A fter rem oval of 
the solvent, the residue was purified  th rough  a silica gel colum n w ith  hexane : 
ethyl acetate (4 : 1) to elute a solid product, then the p ro d u c t w as recrystallized 
in ethyl alcohol to give colorless crystals w ith  a yield 0.85 g (70 %); m p 165-166 
°C. IR (KBr) 3398, 2978, 1712. *H NM R (200 M Hz, CDC13) 5 8.00-7.82 (m, 5H),
7.51-7.18 (m, 4H), 5.58 (s, 1H), 3.90 (d, /  = 17.5 H z, 1H), 3.77 (s, 3H), 3.54 (d, / =
18.1 Hz, 1H) 3.33 (d, /  = 15.8 Hz, 1H), 3.08 (d, } = 15.3 Hz, 1H), 1.44 (s, 9H). 13c 
NM R (50 M H z, CDCI3) 173.92, 154.58, 139.78, 139.58, 138.34, 133.71, 129.22, 
126.68, 123.79, 123.63, 122.65, 119.15, 114.38, 80.35, 68.29, 52.93, 40.44, 37.45, 
28.25. MS, m /z  (relative intensity) 470 (M+), 396.1, 353.1 (100), 212, 169, 142, 
115, 77, 57.
Anal. Calcd for C24H 26N 2SO6 (470.54): C, 61.26; H, 5.57; N, 5.95: S, 6.81. Found: 
C, 60.87; H, 5.51; N, 5.94; S, 6.82.
JH C 0 2-t-Bu NaOH H C O r t-Bu
^COaM e MeOH**" L  /  'C O 7H
^O- Ph
2-ferf-B utoxycarbonam ido-l,2-dihydrocyclopenta[b]indole-2-carboxylic Acid
In a 100 mL flask w ith  m agnetic stirring bar, 1.00 g (2.1 m m ol) of m ethyl 
2-terf-butoxycarbonam ido-8-benzenesulfonyl-l,2-dihydrocyclopenta[b]indole- 
2-carboxylate w as dissolved in 50 mL of m ethyl alcohol and  0.90 g (22.5 mm ol) 
of sodium  hydroxide. The reaction w as refluxed for 10 h. A fter rem oval of the 
solvent, a solid p ro d u c t rem ained , to w hich  20 mL of 1 N  HC1 so lu tion  was 
add ed . The m ixture w as ex tracted  w ith  d ie thy l e ther (3 x 30 mL). The
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com bined e ther so lu tion  w as w ashed w ith  1 N  HC1 solution once again, and 
dried  over MgSC>4 . A fter filtering and rem oval of the solvent to give a pale 
solid p roduct, w ith  a yield 0.61 g (96 %); mp: 167 °C (d). IR (KBr) 3396, 2978, 
2931, 1698, 1499, 1453, 1368, 1256, 1162. ]H  NM R (200 M Hz, DMSO -d6) 5 12.44 
(b, 1H), 10.80 (s, 1H), 7.62 (s, 1H), 7.30-7.26 (m, 1H), 6.98-6.92 (m, 2H), 3.52 (d, /  
= 16.4 H z, 1H), 3.34 (d, /  = 16.4 Hz, 1H), 3.22 (d, /  = 15.0 Hz, 1H), 3.04 (d, /  = 16.0 
H z, 1H), 1.39 (s, 9H). NM R (50 M Hz, DMS0 - d 6) 175.3, 155.1, 140.7, 140.5, 
123.9, 119.8, 118.6, 117.8, 113.6, 111.6, 78.1, 69.4, 64.9, 28.2, 15.1. HRFAB-MS: 
Calcd, 316.1423; O bsd, 316.1425.
TFA  
I’henol'V fr O
2-A m ino-l,2-dihydrocyclopenta[b]indole-2"Carboxylic Acid
In a 25 m L tw o-neck flask covered w ith  a lum inum  foil, 100 m g (0.32 
m m o l )  o f  2 -f e r f-butoxycarbonam ido-l,2-dihydrocyclopenta[b]indole-2- 
carboxylic acid w as dissolved in 3.2 mL trifluoroacetic acid, 0.4 m L phenol, and 
0.4 mL w ater solution. The solution was stirred  at room  tem perature for 10 m in 
un d er argon  and  w ith o u t light, then  it w as p o u red  in to  4 mL of w ater. The 
so lution w as extracted w ith  diethyl ether ( 4 x 5  mL), and the aqueous solution 
w as frozed at - 78 °C, then  freeze dried  for 24 h. The solid p roduct w as purified  
by  ion-exchange ch rom atog raphy  on A m berlite IR-120-plus exchange resin  
w ith  0.3 N  am m onium  hydroxide solution as elute to have the p ro d u c t in  off- 
w hite solid form ; the yield is 0.35 g (95%); m.p. 172 °C (d). IR (KBr) 3405, 1675, 
1438, 1202, 1139. *H NM R (200 M Hz, D M SO -4): 6 10.94 (s, 1H), 7.72 (b, 2H), 
7.31-7.29 (m, 2H), 6.95 (m, 2H), 3.46 (d, /  = 16.6 Hz, 1H), 3.26 (d, /  = 14.8 Hz, 1H),
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2.89 (d, /  = 13.8 Hz, 1H), 2.81 (d, /  = 14.4 Hz, 1H). 13c NM R (50 M Hz, DMSO-
M ethyl 2-M ethyl-l-indo lecarboxylate
In  a 100 m L th ree  neck flask , 16.7 m L (16.7 m m ol) of lith iu m  
bis(trim ethylsilyl)am ide (LiHMDS) (1 M in hexane) was added  to a solution of 
2.0 g (15.2 m m ol) of 2-m ethylindole in THF (40 mL) at -78 °C over 10 m in and 
the m ixture w as allow ed to w arm  to room  tem perature  over a period  of 2 h. It 
w as cooled again  to -78 °C and a solution of 1.51 g (16.7 m m ol) of d im ethyl 
carbonate in THF (5 mL) w as added  over 10 min. The stirring  w as continued 
for tw o h ou rs at -78 °C and  then  overn igh t at room  tem p era tu re , and  the 
m ixture  w as dark  brow n. The m ixture w as poured  in to  ice-w ater containing 
HC1 (pH  2). The m ixture w as extracted w ith diethyl ether (3 x 50 mL) and the 
com bined extracts w ere w ashed w ith brine (2 x 40 mL), and dried  over MgSCL}. 
A fter rem oval of the solvent, the crude p ro d u c t w as purified  by passing  it 
th ro u g h  a silica gel co lum n using  hexane : ch loroform  (9 : 1) to afford  a 
colorless oil; yield is 2.76 g (96 %). IR (KBr) 2957, 1741, 1597, 1457, 1364, 1327, 
1213, 1090. *H NM R (200 M H z, CDCI3) 8 8.09-8.05 (d, /  = 1H), 7.41-7.18 (m,
4 ) :  172.3,141.1,140.7,124.0, 119.8,118.6, 117.8,114.5,111.7, 69.7, 37.1, 36.6.
LiH M DS
(CH3)2C<5;








In  a 100 mL flask, 1.0 g (5.3 m m ol) of m ethy l 2 -m e th y l-l-in d o le - 
carboxylate and  0.94 g (5.3 m m ol) of N -brom osuccinim ide w as d isso lved  in 30 
m L of benzene. The reaction w as stirred  for 12 h  at room  tem peratu re . The 
so lu tion  w as filtered th ro u g h  a bed of silica gel (3 g) and w ashed  w ith  carbon 
tetrachloride. The solvent filtrate w as rem oved under vacuum  to give a w hite 
solid, w ith  a yield of 1.28 g (90%); m p 73 °C. IR (KBr) 2995, 1741 1327 1213 
1120. !H  NM R (200 M Hz, CDC13) 5 8.10-8.06 (m, 1H), 7.49-7.45 (m, 1H), 7.33- 
7.25 (m, 1H), 4.06 (s, 3H), 2.65 (s, 3H). NM R (50 M Hz, CDCI3) 152.05, 
135.03,134.59,124.78,124.08, 123.56, 118.83,115.48, 100.37, 53.70,14.88.
Methyl 2-Bromomethyl-3-bromo-l-indolecarboxylate
In  a 100 m L flask, 1.0 g (3.7 m m ol) of m ethy l 3 -b rom o-2-m ethy l-l- 
indolecarboxylate, 0.67 g (3.7 m m ol) of N -brom osuccinim ide w ere  dissolved in 
30 mL of CCI4 and  a very sm all am ount of benzoyl peroxide w as added . The 
solution w as stirred  at room  tem perature for 12 h. The succinim ide that form ed 
w as filtered and  the filtrate w as passed through a bed of silica gel. The solvent 
w as evaporated  and  the residue was triturated w ith  hexane to give p roduct as a 
w h ite  c ry s ta llin e  p o w d e r. A h igh  pur i t y  sam p le  w as p re p a re d  by 
recrystallization from  ethyl acetate and hexane; yield is 1.2 g (92 %), m p 75 °C
reflux
NBS
CO, Me CO, Me
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(lit. 75-76 °C). IR (KBr) 1738, 1444, 1362, 1329, 1262, 1216, 1116. 1H  NMR (200 
M Hz, CDCI3) 5 8.15 - 8.10 (dd, 1H), 7.57 - 7.26 (m, 3H), 5.08 (s, 2H), 4.13 (s, 3H). 
« C  NMR (50 M Hz, CDCI3) 151.21, 135.70, 132.87, 128.02,126.84, 124.04, 119.97, 
115.89,104.45,54.17,24.55.
A ttem p ted  S yn th esis  of M ethy l 2 -(2 -E thy l-4 ,4 ,6-trim ethyl-5 ,6-d ihydro-l,3 - 
oxazine)-3-brom o-l-indolecarboxylate
In a 100 mL three-neck flask, equ ipped  w ith  a m agnetic stirring  bar, an 
a rgon  inlet, outlet, and a 10 mL p ressure-equalizing  g rad u a ted  funnel fitted 
w ith  a rubber septum , 0.81 g (5.8 mm ol) of 2,4,4,6-tetram ethyl-5,6-dihydro-l,3- 
oxazine and  20 mL anhy d ro u s THF w ere added . The s tirred  so lu tion  w as 
cooled to -78°C, and 3.46 mL (8.6 m m ol) of n-butyllithium  w as added  dropw ise 
over a period  of 0.5 h. A fter lh  stirring at -78°C, 2.00 g (5.8 m m ol) of m ethyl 2- 
b rom om ethyl-3-brom o-l-indo lecarboxylate  in 8 mL of an h y d ro u s  THF w as 
d ro p p ed  in to  the solution over a period of 20 m in, the m ixture w as allow ed to 
slow ly w arm  to room  tem perature, and stirred  for 2 h. The solution w as rust- 
b ro w n  color. The m ixture w as poured  into 30 mL of ice w ater and  acidified 
w ith  9 N  hydrochloric acid. The acidic solution was extracted w ith  hexane (3 x 
20 mL) and  m ade basic by the careful ad d itio n  of 40% sod ium  hydrox ide  
solution. Ice w as ad d ed  to keep the m ixture cool du ring  the neu tra lization . 
The solution was extracted w ith  three 20 mL portion  of ether and  the com bined 
extracts w ere dried  over MgSO.4. The ether was rem oved by rotary  evaporation 
to give the  crude m ixture. H ow ever, the reaction  did  no t give the rig h t
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pro d u c t, the p ro to n  NM R show ed the starting  m ateria l m ethoxycarbonyl 
group had  been rem oved.
N-Benzenesulfonylindole-3-carboxaldehyde.
In a 250 m l three-neck flask, equ ipped  w ith  argon inlet, outlet, add ition  
funnel, and  m agnetic spin bar, w as placed 0.90 g ( 60% dispersion, 0.02 m m ol) 
of N aH . It w as w ashed w ith  hexane (3 x 30 mL) and  then suspended  in 60 mL 
of d ry  DMSO. Indole-3-carboxaldehyde (3.0 g, 21 m m ol) w as ad d ed  slow ly, 
an d  the resu lting  so lu tion  w as stirred  for 30 m in  at room  tem peratu re . A 
so lu tion  of 3.65 g (21.0 m m ol) of benzenesulfonyl chloride in 5 mL THF w as 
ad d ed  dropw ise  th ro u g h  the add ition  funnel over a period of 20 m in. A fter 
addition , the solution w as stirred  for 1 h at room  tem perature. W ater (200 ml) 
w as added  into the solution and the m ixture w as filtered, the w hite precipitate 
w as w ashed w ith  w ater twice. The crude p ro d u c t w as recrystallized in  ethyl 
acetate to give a colorless crystals, in a yield of 5.35 g (89%); 155-156 °C. IR
(m, 5H). 13c NM R (50 M Hz, CDCI3) 185.4, 138.0, 136.2, 135.5, 134.7, 129.7,
127.2, 126.4, 125.5, 125.2, 122.6,122.2, 113.2. MS, m /z  (relative intensity): 285 
(M +), 141,116, 89, 77, 63, 51.
PhSO,Cl
(KBr) 3128, 2823, 1677, 1543, 1447, 1379, 1187, 1126. *H N M R (200 M H z, 








Ethyl 2-N itro-3-(N -benzenesulfonylindole-3)-2-propenoate
In  a 100 mL three-neck flask, 40 mL of dry  THF and 1.33 g (7.00 m m ol) of 
TiCLj in  5 mL CCI4 w as ad d ed  at 0 °C. A m ixture of 1.00 g (3.50 m m ol) of N- 
b enzenesu lfo n y lin d o le -3 -carb o x ald eh y d e  an d  0.47 g (3.5 m m ol) of e thy l 
nitroacetate w as added. W ith stirring, at 0 °C, 1.11 g (14.0 m m ol) of pyrid ine in 
5 mL THF w as slowly d ro p p ed  into the yellow  suspension. The reaction was 
stirred  over n ight for 20 h at room  tem perature. W ater (10 mL) w as added , the 
solution w as extracted w ith  diethyl ether (3 x 50 mL), and  dried  over MgSC>4. 
A fter rem oval of solvent, the residue w as w ashed th rough  a silica gel colum n 
w ith  hexane : chloroform  (1 : 1) to collect the first yellow fraction. The p roduct 
w as crystallized in ethanol to give yellow crystals, in  yield 0.30 g (21%); m p 
132-134 °C. IR (KBr) 3146, 2984, 2361, 1726, 1641, 1533, 1448, 1379, 1254,1176. 
1H NM R (200 M Hz, CDCI3) 6 8.24 (s, 1H), 7.97-7.87 (m, 2H), 7.75-7.38 (m, 7H),
4.51-4.35(m, 2H), 1.45-1.34 (m, 3H). 13c NM R (50 M Hz, CDCI3) 160.1, 139.2,
136.2, 129.7, 128.1, 127.4, 127.1, 126.7, 126.1, 124.6, 124.5, 123.7, 119.0, 118.9,
113.8,112.0, 63.1,14.7. HR-MS: Calcd. 400.0730; Obsd. 400.0731.
Anal. Calcd for C i9H i6N 2S 0 6 (400.409): C, 63.14; H, 3.89; N, 4.91; S, 11.24; O,
16.82. Found: C, 63.00; H , 3.84; N , 4.86; S, 11.35;
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( C H 3)2S O C H 2
N iiH  / D M S O
Attempted Synthesis of Ethyl 2-(3-N-Benzenesulfonylindoyl)-l-nitrocyclo- 
propane-l-carboxylate
In  a 100 mL three neck flask, equ ip p ed  w ith  argon  inlet, ou tlet, and  
ad d itio n  funnel, 0.08 g (1.9 m m ol) of sodium  hydride (60 %) w as w ashed and 
d isso lv ed  in  20 mL of DMSO. To the  so lu tio n , 0.33 g (1.5 m m ol) of 
trim ethylsulfoxium  iodide w as added  and stirred for 10 m in until the solution 
w as clear. W ith  s tir r in g , 0.40 g (1.4 m m ol) of e th y l 2 -n itro -3 -(N  - 
benzenesulfonylindole-3)-2-propenoate in  10 mL of THF w as d ro p p ed  in to  the 
above solution. It tu rns to b row n from yellow solution, and stirred overnight at 
room  tem perature. Then it w as heated  up to 50 °C for 1 h, p o u red  in to  ice 
w ater, and extracted three tim es w ith  d iethyl ether, and dried  over MgSCLj. 
A fter rem oval of solvent, the residue w as w ashed th rough  silica gel colum n 
w ith  hexane : ethyl acetate (2 : 1), and gave a liquid  p ro d u c t in 0.30 g (71 %). 
yield. ]H  NM R (200 M Hz, CDCI3) 6 8.04-7.85 (m, 5H), 7.58-7.26 (m, 5H), 5.03-
4.94 (m, 1H), 4.88-4.80 (m, 1H), 4.56-4.48 (m, 1H), 4.16-4.04 (m, 2H), 1.08-0.98 (m, 
3H). 13C NMR (50 M Hz, CDCI3) 158.3, 137.9, 135.4, 134.0, 129.3, 128.1, 126.8,
125.4,124.2,123.8,119.6, 119.3,113.9, 109.2, 69.9, 61.7, 40.8, 29.6,13.8.
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( C H jO J j P t-Boc
•0 (0 C H , ) 2
(3S, 5S, 6R )-4-(ferf-B utoxycarbonyl)-3-(dim ethoxyphosphoryl)-5,6-diphenyl-
2,3,5,6-tetrahyd ro-4H-l,4-oxazin-2-one
In a 100 mL three neck flask, 0.50 g (1.41 m m ol) of (55, 6R)-4-(tert- 
butoxycarbonyl)-5 ,6-d iphenyl-2 ,3 ,5 ,6-tetrahydro-4H -l,4-oxazin-2-one, 0.28 g, 
(1.56 m m ol) of N -brom osuccinim ide, and  carbon te trach loride  (70 mL), w as 
refluxed for 1 h. Cooled to 0 °C, filtered th rough Celite to rem ove succinim ide, 
and  concentated in vacuo to yield the brom ide as a w hite solid. To the crude, 
0.54 g (1.25 m m ol) of brom ide w as added  THF (10 mL) and  0.16 mL (0.17 g, 1.37 
m m ol) of trim ethyl phosphite , and the m ixture w as gently refluxed for 12 h. 
The m ixture w as cooled to room  tem peratu re  and concentrated  p rov id ing  a 
yellow  viscous oil. The oil stood at room  tem peratu re  for a couple of days to 
becom e a w h ite  solid, w ith  a yield 81%; m p 144 °C. NM R (200 M Hz, 
DMSO-^6) 8 7.26-7.04 (m, 8H), 6.59-6.54 (m, 2H), 6.33 (d, /  = 3.1 Hz), 6.18 (d, /  = 
2.9 Hz) ( 1H), 5.67-5.51 (m, 1H), 5.33 (d, /  = 2.9 Hz) and 5.24 (d, /  = 3.1 Hz) ( 1H), 
3.93-3.79 (m, 6H), 1.38 (s) and  1.02 (s) ( 9H). 13C NM R (50 M H z, DMSO-de) 
164.3, 152.7, 136.7, 135.7, 133.9, 128.4, 127.9, 127.6, 127.5, 127.1, 126.2, 80.1, 78.8,
60.0, 57.5, 54.7 (d, Jc-p = 141 Hz, 1C), 54.5 (m, 1C), 27.2.
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A ttem p ted  S yn th esis  of (E)-(5S, 6R )-4-(ferf-Butoxycarbonyl)-5,6-diphenyl-3- 
N -benzenesulfonylindolidene-2 ,3 ,5 ,6-tetrahydro-4H -l,4-oxazin-2-one
A. In a 100 mL three-neck flask, 0.02 g (0.4 m m ol) of sod ium  hydride  
w as added  into 15 mL of THF, followed by 0.2 g (0.4 m m ol) of the phosphinate 
ester at room  tem perature. The resulting solution was stirred  for 1 h, and  0.11 g 
(0.40 m m ol) of N -benzenesulfonylindole-3-carboxaldehyde in 5 mL THF was 
d ro p p e d  in to  the flask. The reaction  w as s tirred  for 24 h, and  sa tu ra ted  
am m onium  chloride solution was added. The solution was extracted w ith  ethyl 
acetate ( 3 x 5  mL). The com bined organic extracts w ere d ried  over MgSC>4, 
filtered , and  concentrated. Purification via flash silica gel chrom atography  
e lu ted  w ith  hexane : ethyl acetate (3 : 1, 2 : 1, 1 : 1) recovered  all s tarting  
m aterials.
B. In a 100 mL three-neck flask, 0.2 g (0.4 mm ol) of the phosphinate ester 
w as added  into the 15 mL of THF. At 0 °C, 0.28 mL (0.40 m m ol) of LDA (1.5 M 
so lu tion  in cyclohexane) w as ad d ed  th ro u g h  cannula, then  the reaction w as 
s tir re d  for 1 h a t the  sam e te m p e ra tu re . N-Benzenesulfonylindole-3- 
carboxaldehyde (0.11 g, 0.40 mmol) in 5 mL THF w as added  into the solution in 
one portion at 0 °C. The reaction was kept at 0 °C for 3 h and w arm ed  to room  
tem peratu re  w ith  stirring for 24 h. A fter w ork up, all of starting  m aterials was 
recovered.
C. In a 100 mL three-neck flask, equ ipped  w ith  argon inlet, outlet, and 
ad d itio n  funnel, 20 mL of THF w as added . A t -10 °C, 0.21 mL (0.36 g, 1.9 





w ith  s tir r in g . A fte r 20 m in  s tir r in g , 0.13 g (0.45 m m ol) of N - 
benzenesulfonylindole-3-carboxaldehyde w as added  into the above solution 
and  stirred  for ano ther 30 m in. In ano ther 50 mL flask, 0.08 g (1.9 m m ol) of 
sodium  hydride  (60%) w as w ashed w ith  hexane first, then  10 mL of THF was 
added  th ro u g h  cannula. The phosphinate  ester (0.2 g, 0.43 m m ol) in  THF w as 
added  into the flask w ith  stirring for 30 m in at room  tem perature. The solution 
in  the 50 mL flask w as transfered  to the 100 mL three-neck flask th rough  the 
cannu la  at 0 °C. The reaction  m ix tu re  w as s tirred  a t room  tem p era tu re  




In a 250 mL flask, 5.00 g (40.0 mm ol) of 3-m ethylanisole w as d issolved in 
100 mL of carbon tetrachloride. At -78°C, liquid brom ine w as added  dropw ise 
w ith  stirring  until the b row n color solution w as form ed. A fter add ition  of the 
brom ine, the solution w as w ashed w ith a saturated  sodium  sulfite solution, and 
d ried  over MgSC>4. After rem oval of the solvent, the residue liqu id  w as used 
for the  next reaction  w ith o u t fu r th e r purifica tion , the y ield  is 89%. An 
analytical sam ple w as purified  by fractional distillation. IR (KBr) 3001, 2936, 
2835,1596,1479,1293, 1243,1163,1024, 800. 1H  NMR (200 M Hz, CDCI3): 5 7.41- 
7.37 (d, ] = 8 Hz, 1H), 6.79-6.77 (m, 1H), 6.64-6.59 (m, 1H), 3.76 (s, 3IT), 2.36 (s, 
2H); 13C NM R (50 M Hz, CDCI3): 158.82, 138.78, 132.80, 116.51, 112.95, 55.38, 
23.12; MS, m /z  (relative intensity): 202,187,157,121,91, 78, 63, 51.
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4-B rom o-3-brom om ethylanisole
In a 250 mL flask, 5.0 g (25 mm ol) of 4-brom o-3-m ethylanisole, 4.45 g ( 25 
m m ol) of N -brom osuccinim ide, and 0.20 g (0.80 m m ol) of benzoyl peroxide 
w ere d isso lved  in 150 mL benzene. The m ixture w as refluxed for 3 h. A fter 
cooling to room  tem peratu re , the so lu tion  w as filtered, and  the so lvent w as 
rem oved u n d er vacuum , the residue w as recrystallized  in ethanol to give a 
w hite  crystalline p roduct, yield is 6.23 g (89%), m p 90-91 °C. IR (KBr) 2968, 
2938,2839, 1570,1477, 1414, 1284, 1250, 1145,1052. ]H NM R (200 M Hz, CDCI3): 
5 7.42-7.47 (d, ] = 10 Hz, 1H), 6.99-7.00(d, /  = 2 Hz, 1H), 6.70-6.76(m, 1H), 4.55(s, 
2H), 3.80(s, 3H); 13c NM R (50 M Hz, CDCI3): 159.12, 137.74, 133.88, 116.51, 
116.10,114.67, 55.53, 33.41; HR-MS: Calcd. 279.8921; Obsd. 279.8918.
A nal. Calcd. for C 8H 8Br20  (279.88): C, 34.30; IT, 2.88; Br, 57.10; O, 5.71; 
Found: C, 34.25; H, 2.79; Br, 57.06.
N/N -D im ethyl-2-(2-brom o-5-m ethoxyphenyl)acetam ide
In  a 100 m L three-neck flask, equ ip p ed  w ith argon  inlet, outlet, and  
add ition  funnel, 0.34 mL of N ,N '-dim ethyIacetam ide w as added  to 20 mL THF. 
A t -78 °C, w ith  stirring, 1.79 mL of LDA was d ro p p ed  into the solution for 35 





brom oanisole in 10 mL THF was added. The reaction w as stirred for 3 h, 30 mL 
of w ater w as added , and the solution was extracted w ith  d iethyl ether (2 x 40 
mL). The com bined ether solution was w ashed w ith  brine (2 x 30 mL), and 
dried  over MgSO,*. A fter rem oval of the solvent, the residue w as purified  by 
silica gel colum n w ith  hexane : ethyl acetate (4 : 1) to give a yellow  liquid  
p roduct w ith  a yield 0.66 g (65 %). IR (KBr) 2937,1646, 1572,1474, 1400,1281, 
1242, 1142, 1055, 1021. *H NM R (200 M Hz, CDC13) 8 7.43-7.38 (d, /  = 10 Hz, 
1H), 6.86-6.84 (d, /  = 4 H z, 1H), 6.68-6.63 (m, 1H), 3.78 (s, 3H), 3.07-3.00 (t, 2H), 
2.96 (s, 6H ), 2.67-2.58 (t, 2H). NMR (50 M Hz, CDCI3) 171.9, 159.0, 141.7, 
133.2,116.1,114.6,113.8, 55.4, 37.2, 35.4, 33.4, 32.2. MS m /z  (relative intensity): 
206 (M+-Br), 191,161,134,103, 72, 51.
C H 3
C H j-CN + C H r i - C F h C H C H j
d)H i)H
5,6,-Dihydro-2,4,4,6-tetramethyl-l,3-oxazine
To a 2 L flask equ ipped  w ith  a therm om eter, a stirrer, an d  a 250 mL 
addition  funnel was added  400 mL of concentrated sulfuric acid. The acid was 
cooled to 0 °C w ith  an ice bath  and 90.2 g (2.20 mol) of acetonitrile w as added  at 
a very slow rate so that the tem perature was kept at 0 °C. After the add ition  of 
the n itrile  w as com plete, 236 g (2.00 mol) of 2-m ethyl-2 ,4-pentanediol was 
ad d ed  at such  a rate tha t the sam e tem peratu re  0 °C w as m ain ta ined . The 
m ixture w as stirred  for an additional hr and poured  onto  1500 g of ice. The 
aqueous solution was extracted w ith four 125 mL portions of chloroform  (and 
the chloroform  extracts w ere discarded). The aqueous so lu tion  w as m ade 
alkaline w ith  40% sod ium  hydrox ide  solution; ice w as period ically  added  
during  the add ition  of the sodium  hydroxide solution to keep the m ixture cool
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(below  35°C). U pon  becom ing basic, a yellow  oil ap p ea red , w hich  w as 
separa ted . The aqueous layer w as extracted w ith  three 100 mL portions of 
d ie thy l e ther, and  the com bined  e th er ex tracts and  oil w ere  d ried  over 
anhydrous M gS0 4 . The e ther w as rem oved by ro ta ry  evaporation , and  the 
residue w as distilled to give 190 g (70%) of 5,6-dihydro-2,4,4,6-tetram ethyl-l,3- 
oxazine. IR (KBr) 3308, 2968, 2928,1656, 1547,1448, 1372,1313,1123,1053. JH  
N M R (200 M Hz, CDCI3) 5 4.15-4.11 (m, 1H), 1.89 (s, 3H), 1.76-1.68 (dd, /  = 14 
H z, 1H), 1.45-1.36 (dd, /  = 22 Hz, 1H), 1.29 (s, 3H), 1.26 (s, 3H), 1.18-1.16 (d, /  = 4 
H z, 3H). 13c NM R (200 M Hz, CDCI3) 67.5, 49.4, 41.6, 31.7, 29.5, 28.2, 21.6, 21.3.
OO + O 
H - M - O H  H2N-(H-0-CH2-Ph




In a 250 m L flask, a m ixture of 30.23 g (0.20 mol) of benzyl carbam ate 
and  20.2 g (0.22 mol) of glyoxylic acid m onohydrate  w as ad d ed  in 200 mL of 
d ry  diethyl ether. The solution was stirred  overnight. The crystallized p roduct 
w as w ash ed  w ith  d iethy l ether to  give 32.0 g (75%) ad d u ct; m p  192 °C 
(decom posed).
1H NM R (200 M Hz, D M SO -4): 8 8.10 - 8.06 (d, /  = 8 Hz, 1H), 7.29 (s, 5H), 5.17 
- 5.13 (d, /  = 8  H z, 1H), 4.98 (s, 2H). 13c NM R (50 M H z, DMSO-d6): 171.04,
155.48,136.85,128.34,127.82, 86.80, 73.18, 65.50.
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M ethyl 2-B enzyloxycarbonylam ino-2-m ethoxyacetate
In  a 250 mL flask, 11.27 g (0.05 m ol) of a-hydroxy-N -benzyloxy- 
carbonylglycine w as dissolved in 150 mL of absolute m ethanol. The solution 
w as cooled in an ice bath  to 0 °C, 2 mL of concentrated sulfuric acid w as slowly 
added . The m ixture w as stirred  for 4 days at room  tem peratu re  and  pou red  
in to  the ice-satu rated  NaHCC>3. The organic m aterials w ere extracted  three 
tim es w ith  e th y l ace ta te , and  d ried  over MgSC>4 . A fter filte ring  and  
evaporation  of the solvent, w hite solid p ro d u c t w as left, yield: 10.76 g (85%); 
m p 73-74 °C. 1H  NM R (200 M Hz, CDCI3): 5 7.37 - 7.35 (m, 5H), 5.38 - 5.33 (d, / 
= 10 H z, 1H), 5.15 (s, 2H), 3.80 (s, 3H), 3.45 (s, 3H). NMR (50 M Hz, CDCI3): 
167.96,155.65,135.73,128.57,128.36, 128.16, 80.64, 67.43, 56.21, 52.89.
MeO-&-HN-&D-CLL-Ph — ► M eO -fo -H  N-^-O-C H, - Ph
OMe ‘ P(OMe) ,  0=P(OMe)2
M ethyl N -B enzyloxycarbonyl-2-(dim ethoxyphosphinyl)glycineacetate
In  a 250 m L ro u n d  bottom  flask, 11.00 g (43.0 m m ol) of m ethyl 2- 
benzyloxycarbonam ino-2-m ethoxyacetate is d issolved in 100 mL of toluene at 
70 °C, w ith  stirring, 3.8 mL (6.0 g, 43 mmol) of phosphorus trichloride is added. 
The so lu tion  w as s tirred  at 70 °C for 18 h. T rim ethyl phosph ite  (3.27 g, 43 
m m ol) is ad d ed  d ropw ise  to the s tirred  m ix tu re  at 70 °C and  s tirrin g  is 
con tinued  for ano ther 2 h at 70 °C. A fter rem oval of the solvent, the residue 
p ro d u c t w as red isso lved  in  ethyl acetate. This so lu tion  w as w ashed  w ith  
sa tu ra ted  sodium  hydrogen  carbonate so lu tion  (3 x 20 mL), and  d ried  over
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MgS0 4 . The so lu tion  is concentrated  to a volum e of 20 mL and  hexane is 
added  w ith  vigorous stirring  to precipitate p roduct as fine crystals, yield is 11.6 
g (80%); m p 80 °C. NM R (200 M Hz, CDCI3) 8 7.35 (s, 5H), 5.67 (m, 1H), 5.14 
(s, 2H), 5.01-4.86 (dd, j  = 22 Hz, 1H), 3.85-3.79 (m, 6H), 3.76 (s, 3H). 13c  NMR 





3-(2-Ethyl-4,4,6-trim  ethyl-5,6-dihydro-1.3-oxazine)-4-brom oanisole
In a 100 mL three-neck flask, equ ipped  w ith  a m agnetic stirring  bar, an 
argon  inlet, ou tlet, and  a 10 mL p ressure-equalizing  g rad u a ted  funnel fitted 
w ith  a rubber septum , 1.0 g (7.1 m m ol) of 2,4,4,6-tetram ethyl-5,6-dihydro-l,3- 
oxazine an d  20 mL anhy d ro u s THF w ere added . The s tirred  so lu tion  w as 
cooled to -78°C, and  4.4 mL (7.1 mmol) of tt-butyllithium  w as added  dropw ise 
over a period  of 0.5 h. A fter Ih  s tirring  at -78°C, 1.99 g (7.1 m m ol) of 3- 
brom om ethyl-4-brom oanisole in 8 mL of anhydrous THF w as d ro p p ed  into the 
solution over a period of 20  min., and the m ixture w as allow ed to slow ly w arm  
to the room  tem perature, and  stirred for 2 h. The m ixture w as p o u red  into 30 
mL ice w ater and acidified w ith  9 N  hydrochloric acid. The acidic solution was 
extracted  w ith  hexane (3 x 20 mL) and m ade basic by the careful add ition  of 
40% sod ium  hydrox ide  solution. Ice w as ad d ed  to keep the m ix ture  cool 
d u rin g  the neu tra lization . The so lu tion  w as ex tracted  w ith  th ree  20 mL 
portions of ether and the com bined extracts were d ried  over MgSO.4. The ether 
w as rem oved by rotary evaporation to give the crude 3-(2-ethyl-4,4,6-trim ethyl-
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5,6-dihydro-1.3-oxazine)-4-brom oanisole. The p roduct can be used for the next 
reaction  w ith o u t fu rther purification. The analysis sam ple w as purified  by 
silica gel colum n w ith  hexane : ethyl acetate (4:1) as eluent. The yield is 1.91 g 
(79%). NM R (200 M Hz, CDC13) 5 7.36-7.41 (d, /  = 10 Hz, 1H), 6.81-6.83 (d, /  
= 4 H z, 1H), 6.59-6.65 (m, 1H), 4.05-4.17 (m, 1H), 3.76 (s, 3H), 2.94-3.01 (t, 2H), 
2.40-2.49 (t, 2H), 1.73-1.75 (t, 1H), 1.66-1.69 (t, 1H), 1.23-1.26 (d, /  = 6 H z, 3H), 
1.04-1.13 (d, /  = 18 Hz, 6H); 13C NMR (50 M Hz, CDCI3) 158.78,141.53,133.08,
116.02, 114.91, 113.41, 67.63, 55.36, 49.59, 41.90, 35.25, 33.19, 31.82, 29.60, 25.58, 
21.40.
E t O H  
-35 - -45°C
3-(2-Ethyl-4,4,6-trim ethyI-2,3,5,6-tetrahydro-l,3-oxazine)-4-brom oanisoIe
To a 100 mL flask, w as added  10 mL of THF, 10 mL of 95% ethyl alcohol, 
and  1.27 g (3.70 m m ol) of 3-(2-ethyl-4,4,6-trim ethyl-5,6-dihydro-l,3,-oxazine)-4- 
brom oanisole. The m ixture was cooled betw een -35 and  -40°C, hydrochloric 
acid (9 N) w as added  to the solution if the pH  is not a ro u n d  7. A solution of
0.14 g (3.7 m m ol) of NaBH .4 in 1 mL of w ater in w hich 1 d ro p  of 40% sodium  
hydroxide p resen t w as d ropped  into the flask. The sodium  hydroxide solution 
and  the 9 N  hydrochloric acid solution w ere in troduced  to the stirred  solution 
a lte rn a te ly  so th a t p H  6-8  w as m ain ta in ed . D u rin g  the  ad d itio n , the 
tem peratu re  w as kept at -35 - 45°C. A fter addition, the solution w as stirred  for 
another 1 h  (at pH=7). Then the contents w ere poured  into 30 mL of w ater and 
m ade basic by the ad d itio n  of 40% N aO H . A fter separa tion , the aqueous 
so lu tion  w as extracted w ith  diethyl ether (3 x 30 mL). The com bined organic
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extracts w ere w ashed  w ith 50 mL x 2 of saturated  NaCl solution and dried  over 
anhydrous m aganenium  sulfate. The ether w as rem oved by rotary  evaporation 
to give the crude tetrahydrooxazine, yield is 1.08 g (85%). IR (cm-1): 2968, 2929, 
1732, 1595, 1572, 1473, 1373, 1280, 1241, 1163, 1013, 849, 800, 601. NM R 
(200MHz, CDC13) 5 7.41-7.37 (d, /  = 8 Hz, 1H), 6.82-6.80 (d, /  = 4 H z, 1H), 6.65- 
6.59 (m, 1H), 4.22 (t, 1H), 3.76 (s, 3H), 2.88-2.80 (t, 2H), 1.89-1.78 (m, 2H), 1.47-
1.06 (m, 12H); 13C NMR(50 M Hz, CDCI3) 158.81, 142.21, 133.16, 115.89, 114.97, 
1113.39, 82.33, 68.55, 55.32, 48.88,45.64, 35.81, 32.86, 32.01, 24.04, 22.34; MS m /z  
(relative intensity): 340, 278, 241, 178 (100), 134, 83, 58.
3-(2-B rom o-5-m ethoxyphenyl)propionaldehyde
A. In a 100 mL three-neck flask, equ ipped  w ith  argon  inlet, outlet, 
a n d  a d d itio n  funnel, 1.0 g (4.1 m m ol) of the N,N-Dimethyl-2-(2-bromo-5- 
m ethoxypheny l)acetam ide  w as d issolved in 20 mL of THF. A t 0 °C, w ith  
stirring, 0.06 mL (0.20 g, 2.1 m m ol) of Red-Al in 5 mL of THF w as d ro p p ed  into 
the solution th rough  addition funnel. The reaction w as kept stirring onvernight 
at room  tem perature. A fter reaction, 2 N  sulfuric acid so lution w as ad d ed  and  
the so lu tion  w as extracted w ith  diethyl ether (2 x 30 mL). The e ther solution 
w as d ried  over MgSC>4. Rem oval of the solvent, the rest residue  is starting  
m aterial. The sam e m ethod  tried  again  bu t refluxed for 40 m in, and  also 
starting  com pound w as recovered.
Br Br
F L C H X H O
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B. In a 100 mL flask, 0.90 g (2.6 m m ol) of 3-(2-ethyl-4,4,6-trim ethyl-
2 ,3 ,5 ,6-tetrahydro-l,3-oxazine)-4-brom oaniso le w as d isso lved  in a so lu tion  
containing 1.33 g (10.5 m m ol) of oxalic acid d ihyd ra te  in 20 mL w ater. The 
solution w as refluxed for 3 h. The cloudy solution w as extracted w ith  e ther (3 x 
75 mL) and  the extracts w ere  w ashed w ith  5% sod ium  hy d ro g en  carbonate 
solution and dried  over MgS0 4 . After the filtration and  rem oval of the solvent, 
the residue w as purified  th rough  silica gel colum n w ith  hexane : ethyl acetate 
(4:1) to give a yellow  oil; yield is 0.19 g (30%). *H NM R (200 M Hz, CDCI3) 5 
9.83 (s, 1H), 7.43-7.39 (d, /  = 8 Hz, 1H), 6.81-6.79 (d, /  = 4 H z, 1H), 6.68-6.64 (m, 
1H), 3.79 (s, 3H), 3.06-2.98 (m, 2H), 2.83-2.78 (m, 2H); NM R (50 M Hz,
CDCI3) 200.91, 159.06, 140.65, 133.42, 116.22, 114.56, 113.64, 55.39, 43.62, 28.86. 
HR-MS m /z  (relative intensity): 242, 214, 202, 179, 163 (100), 135, 121, 105, 91, 
77, 63,51.
Br PhCH 2 0 2C N H
t-BuOK
DCM^ [ i J  Me02C
OCH3
M ethyl 2-B enzyoxycarbonam ido-5-(2-brom o-5-m ethoxyphenyl)-2-pentenoate
In a 100 mL three-neck flask, 0.50 g (4.5 mmol) of potassium  t-butoxide is 
cooled to -78°C and slowly suspended  in dichlorom ethane. A solution of 1.50 g 
(4.50 m m ol) o f m e th y l-2 -b en zy lo x y carb o n y lam in o -2 -m e th o x y ace ta te  in 
d ich lorom ethane is added  d ropw ise  w ith  stirring  w hereby  the po tassium  t- 
bu to x id e  is d isso lved . A so lu tion  of 1.0 g (4.1 m m ol) of 3-(2-brom o-5- 
m ethoxyphenyl)propionaldehyde in dichlorom ethane is ad d ed  and the alm ost 
clear solution w as allow ed to come to room  tem peratu re  and  stirred  for 2.5 h. 






concentrated in  vacuo and the residue d issolved in ethyl acetate and  w ater. 
A fter separation of aqueous phase, the organic layer w as w ashed w ith  solution 
of am m onium  chloride and dried  over MgSO,*. Removal of the solvent to give 
a solid product, yield is 1.68 g (91%); m p 88-89 °C. IR (KBr) 2952, 2360, 1718, 
1473,1241, 1052. lH  NM R (200 M Hz, CDCI3) 5 7.43-7.35 (m, 6H), 6.77-6.63 (m, 
2H), 6.14 (m, 1H), 5.14 (s, 2H), 3.76 (s, 6H), 2.89-2.81 (m, 2H), 2.59-2.47 (m, 2H); 
13C NM R (50 M Hz, CDCI3) 164.96,141.15,136.02,133.36,128.56,128.16,125.78, 
120.62, 116.03, 113.58, 107.58, 67.42, 55.43, 52.45, 34.81, 28.65; HRMS: Calcd: 
448.0672; Obsd: 448.0774.
Anal. Calcd. for C 2iH 22N 0 5Br (448.31): C, 56.26; H, 4.95; N, 3.12; Br, 17.82. 
Found: C, 55.83; H , 4.97; N, 3.14;
Br PhCH 20 2C N H
VCH 2 )2 CH=(!  M e O ,c '
N H C O ,C H ,P hPd(Ac), 
Et,N '
M ethyl 2-B enzyoxycarbonam ino-2-(5-m ethoxyindanylidene)carboxylate
In a 50 m L flask, a m ix tu re  of 1.00 g (2.20 m m ol) o f m ethy l 2- 
benzyoxycarbonam ido-5-(2-brom o-5-m ethoxyphenyl)-2-pentenoate, 0.04 g (0.1 
m m ol) of tri-o-tolylphosphine, 0.44 g (4.4 m m ol) of triethylam ine, and  0.01 g 
(0.04 m m ol) of pa llad ium  acetate (Pd(O A c)2) in 15 mL of acetonitrile  w as 
refluxed for 22 h. The m ixture w as cooled to room  tem peratu re  and  filtered 
th ro u g h  a bed of Celite. The solvent w as rem oved u n d er vacuum  and the 
residue w as d ilu ted  w ith  w ater. The aqueous phase was extracted w ith  ethyl 
acetate (3 x 15 mL). The organic phase w as w ashed  w ith  sa tu ra ted  sodium  
chloride solution, treated  w ith  N orit A, and dried  over MgSC>4 . The m ixture 
w as filtered  and  concen trated  in  vacuo. The residue  w as crystallized  in
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m ethanol at room  tem perature  to give a clear crystalline product; yield is 0.43 g 
(53 %); m p: 112 °C. IR (KBr) 3307, 2947, 1707, 1596, 1486, 1251, 1083, 1029. *H 
NM R (200 M Hz, CDC13) 8 7.88-7.70( m, H), 7.42 (m, 5H), 6.83-6.68 (m, 2H), 6.05 
(m, 1H), 5.20 (s, 2H), 5.82 (s, 3H), 3.77 (s, 3H), 3.33 (m, 2H), 3.04-2.98 (m, 2H); 
13C NM R (50 M Hz, CDCI3) 166.27,161.91,155.69,155.25,153.25,136.46,131.58, 
128.45, 128.14, 127.97, 114.53, 109.39, 67.18, 55.36, 51.67, 32.46, 30.67;
CO, Me C 0 2 M e
A tte m p te d  S y n th es is  of M eth y l 2 -B enzyoxycarbonam ido-2 -(5 -m ethoxy- 
indanyD carboxylate
A. In  a Parr hydrogenation  bottle, 0,10 g (0.27 m m ol) of m ethyl 2- 
benzyoxycarbonam ino-2-(5-m ethoxyindanylidene)carboxylate was dissolved in 
20 mL of m ethanol. A catalytic am ount of pa llad ium  on carbon (10 %) w as 
added . At room  tem peratu re, the reaction was kept for 24 h under one atm. 
A fter rem oval of the solvent, the starting  com pound w as recovered.
CHO CHO
p-B enzyloxybenzaldehyde
In a 1000 mL flask, 61.1 g (0.50 m ol) of p -h y d ro x y b en a ld eh y d e  w as 
dissolved in a solution of 50 mL of N aO H  (50 %) in 250 mL w ater. DCM (300 
mL) and 11.0 mL of A liquat 336 w ere added  into the flask, w ith  stirring, 56 g 
(0.33 mol) of benzyl brom ide w as added  into the flask at room  tem peratu re.
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The reaction  w as stirred  overn igh t . A fter separa ting  of organic phase, the 
aqueous w as w ashed  w ith  DCM (2 x 100 mL). The com bined DCM solution 
w as w ashed w ith  10 % N a2CC>3 so lution (2 x 250 mL), follow ed by brine (2 x 
250 mL), and  d ried  over MgSC>4 . A fter rem oval of solvent, the residue  w as 
recrystallized tw ice from  ethanol, w ith a yield of 56.45 g (81 %); m p 73-75 °C. 
IR (KBr) 2829, 2744, 1687, 1601, 1575, 1509, 1261, 1164, 1019. !H  N M R (200 
M H z, CDCI3) 5 9.87 (s, 1H), 7.86-7.79 (m, 2H), 7.33-7.44 (m, 5H), 7.03-7.08 (m, 
2H), 5.13 (s, 2H). 13C NM R (50 M Hz, CDCI3) 190.6, 163.7, 135.9, 131.9, 130.1,
128.6,128.2,127.4,115.1, 70.2. HR-MS: Calcd. 212.0838; O bsd. 212.0841.
Anal. Calcd. for C i4H i20 2(212 .11): C, 79.21; H, 5.70. Found: C, 78.82; H , 5.74.
Ethyl 2-N itro-3-(4-benzloxyphenyl)-2-propenoate
In a 250 mL three-neck flask, equ ipped  w ith argon inlet, outlet, addition  
funnel and stirring bar, 90 mL of dry  THF w as transfered th rough  cannula. A 
solution of 28 mL of CCI4 and  5.28 mL (9.12 g) of TiCl4 in  the ad d itio n  funnel 
w as slowly d ropped  into the flask at 0 °C w ith stirring to give a yellow solution 
w ith  som e yellow solids. 4-Benzyloxybenzaldehyde (4.8 g, 22.6 m m ol) and  3.07 
g (23.1 m m ol) of ethyl n itroacetate w ere dissolved in dry THF in Schenk Flask, 
w ere transfered  into the add ition  funnel by cannula. The solution w as slowly 
ad d ed  in to  the flask w ith  stirring. Pyridine (7.78 mL, 7.58 g), in 25 mL of THF 
w as transfered into the add ition  funnel, and slowly d ropped  into the flask in  2 
h. The m ixture w as stirred  overnight at room  tem perature. The solution was
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p o ured  into 10 mL of w ater, and extracted w ith  diethyl ether (3 x 20 mL). The 
com bined e ther so lution w as w ashed  w ith  brine (2 x 20 mL), and  dried  over 
MgS0 4 . A fter rem oval of solvent, the residue w as purified  th rough  silica gel 
colum n w ith  hexane : ethyl acetate (6 : 1) to elute a yellow solid p roduct in a 
yield of 2.81 g (38 %); m p 59-61 °C. IR (KBr) 1714, 1601,1514,1384,1264,1182, 
1020. *H NM R (200 M Hz, CDCI3) 5 7.96 (s, 1H), 7.47-7.28 (m, 7H, 7.01-6.87 (m, 
2H), 5.02 (s, 2H), 4.40-4.19 (q, 2H), 1.37-1.22 (t, 3H). 13C NM R (50 M Hz, CDCI3) 
161.98, 159.5, 138.1, 135.9, 132.5, 132.2,128.7, 128.3, 127.5, 121.6, 115.7, 70.2, 62.8,
14.1. HR-MS: Calcd. 327.1108; Obsd. 327.1099.
Anal. Calcd. for C 18H 17N O 5 (327.15): C, 65.98; H, 5.23; N, 4.28. Found: C, 65.78; 
H , 5.12; N , 4.23.
N n H
(C H 3) S O C H 2-
A ttem pted  S ynthesis  of Ethyl 2-N itro-3-(4-benzyloxyphenyl)-2-cyclopropyl- 
p rop ioate
A so lu tion  of m ethy lsu lfiny l carban ion  w as p rep a red  in the usual 
m anner, under argon, from  sodium  hydride  and d ry  dim ethylsulfoxide. The 
solution w as cooled to room  tem perature, dilu ted w ith  an equal volum e of dry 
THF, an d  th en  cooled in  a salt-ice bath . W ith  s tirrin g , a so lu tio n  of 
trim ethy lsu lfon ium  iodide in  d im ethyl sulfoxide w as ad d ed  over a period  of 
abou t 3 m in. A fter the ad d itio n  of the salt was com plete, the m ix tu re  w as 
s tirre d  in  ssalt-ice b a th  w h ile  0.5 g (1.53 m m ol) of E thyl 2-nitro-3-(4- 
benzloxypheny l)-2 -p ropenoate  in  THF w as d ro p p ed  in to  it. S tirring  w as 
continued  at room  tem peratu re  for 12 h. Then the m ixture w as d ilu ted  in 100
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mL of w ater, then  extracted w ith diethyl ether. The com bined ether solution 
w as w ashed  w ith  w ater, d ried  over MgSC>4. A fter rem oval of the solvent, the 
residue w as purified  th rough  silica gel colum n w ith  hexane : ethyl acetate (3 : 1, 
1: 1) to  give the yellow product. H ow ever, it is not the p roduct w e expected, it 
is a five-m em ber ring  com pound, in a yield 0.37 g (71 %). m p 81-82 °C. IR (KBr) 
2361, 2342,1731, 1609, 1511, 1229, 1024. NM R (200 M Hz, CDC13) 5 7.31-7.44 
(m, 5H), 7.19-7.25 (m, 2H), 6.94-7.00 (m, 2H), 5.06 (s, 2H), 4.80-4.88 (dd, 1H), 
4.63-4.70 (dd, 1H), 4.42-4.48(q, 1H), 4.13-4.25 (q, 2H), 1.17 (t, 3H). NM R (50 
M Hz, CDCI3) 160.7, 158.7, 137.0, 131.6, 128.6, 128.3, 128.1, 127.5, 121.5, 115.4,
72.0,70.1,61.7,48.4,14.0. HR-MS: Calcd. 341.1291; Obsd. 341.1250.
Analy. Calcd. for C H N O  (341.36): C, 66.85; H, 5.61; N, 4.10. Found: C, 66.80; H, 
5.55; N , 4.11.
5H°  P!h
( j  + .3„cY \
6 C H 2Ph 3 0 ( 0 0 1 ,  ],
A ttem p ted  S yn thesis  of (E)-(5S, 6R)-4-(ferf-Butoxycarbonyl)-5,6-diphenyl-3- 
(p-benzyloxybenz)-2,3,5,6-tetrahydro-4ff-l,4-oxazin-2-one
In a 100 mL three-neck flask, equ ip p ed  w ith  argon  inlet, ou tlet, and  
ad d itio n  funnel, 20 mL of THF w as added . At -10 °C, 0.21 mL (0.36 g, 1.9 
m m ol) of TiCl4 in 2 mL of carbon tetrachloride w as d ropped  in to  the solution 
w ith  s tir r in g . A fte r 20 m in  s tir r in g , 0.10 g (0.47 m m ol) o f 4- 
benzyloxybenzaldehyde w as ad d ed  into the above so lu tion  and  stirred  for 
ano ther 30 m in. In  an ano ther 50 mL flask, 0.08 g (1.88 m m ol) of sod ium  
hyd rid e  (60%) w as w ashed w ith  hexane first, then  10 mL of THF w as added  
th ro u g h  cannula. The phosph inate  ester (0.2 g, 0.43 m m ol) of in THF w as 
added  into the flask w ith  stirring for 30 m in at room  tem perature. The solution
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in the 50 mL flask w as transfered into the 100 mL three-neck flask th rough  the 
cannula at 0 °C. The reaction m ixture w as stirred  at room  tem peratu re  over 
night. After w ork up, all of the aldehyde was recovered.
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Table A. Crystal Data and Collection Parameters for Methyl 2-terf-butoxy
carbonamido-8-N-benzenesulfonyl-l,2-dihydrocyclopenta[b]indole-2-
carboxylate.
form ula C 12H 26N 2O6S
M r, g m ol-1 470.549
system m onoclinic




P/ deg 101.544 (5)
v. A3 2388.2(5)
z 4
Dc, g /c m 3 1.309
cryst size, m m 0.5x0.4x0.25
radiation M oK a
|i, cm-1 1.682
tem p, K 296
scan type (0-20
collection range, deg 1<0<26.5
no. of unique data 4935
no of data 3684 for I>2a(I
no of variables 403
R 0.040
Rw 0.045
good of fit 1.862
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Table B. Coordinates for Methyl 2-tert-butoxycarbonamido-8-N-benzene
sulfonyl-l,2-dihydrocyclopenta[b]indole-2-carboxylate
A tom £ ¥ z B(A2)
S 0.20880(4) 0.23540(4) 0.92595(2) 3.056(9)
O l 0.0830(1) 0.1956(1) 0.89981(8) 4.30(3)
0 2 0.2447(1) 0.3333(1) 0.89974(7) 3.75(3)
0 3 0.2813(1) 0.5518(1) 1.15427(9) 5.19(4)
0 4 0.4682(1) 0.6295(1) 1.1620(1) 6.09(4)
0 5 0.6288(1) 0.2940(1) 1.1066(1) 5.23(4)
0 6 0.7822(1) 0.4184(1) 1.12444(9) 4.55(3)
N1 0.2285(1) 0.2478(1) 1.02098(8) 2.86(3)
N2 0.5874(1) 0.4602(1) 1.1342(1) 3.56(3)
C l 0.3126(2) 0.3185(1) 1.06590(9) 2.64(3)
C2 0.3328(2) 0.2916(1) 1.1401(1) 2.81(4)
C3 0.2645(2) 0.1976(2) 1.1472(1) 2.89(4)
C4 0.2501(2) 0.1343(2) 1.2089(1) 3.88(4)
C5 0.1796(2) 0.0450(2) 1.1940(1) 4.81(5)
C6 0.1222(2) 0.0175(2) 1.1196(1) 5.02(5)
C7 0.1313(2) 0.0797(2) 1.0574(1) 4.24(5)
C8 0.2023(2) 0.1699(1) 1.0723(1) 2.98(4)
C9 0.3774(2) 0.4144(2) 1.0483(1) 3.15(4)
CIO 0.4511(2) 0.4477(1) 1.1310(1) 3.12(4)
C l l 0.4209(2) 0.3645(2) 1.1898(1) 3.43(4)
C12 0.4041(2) 0.5538(2) 1.1507(1) 3.63(4)
C13 0.2276(2) 0.6481(2) 1.1761(2) 6.66(6)
C14 0.3207(2) 0.1411(2) 0.9119(1) 3.47(4)
C15 0.2814(2) 0.0415(2) 0.8902(1) 5.26(6)
C16 0.3737(3) -0.0308(2.) 0.8808(2) 6.84(8)
C17 0.4985(3) -0.0036(2) 0.8922(2) 6.77(7)
C18 0.5365(2) 0.0939(2) 0.9132(2) 6.52(7)
C oordinates (cont.)
C19 0.4479(2) 0.1675(2) 0.9238(1) 4.95(5)
C20 0.6636(2) 0.3820(2) 1.1204(1) 3.57(4)
C21 0.8876(2) 0.3515(2) 1.1117(1) 4.57(5)
C22 0.9146(2) 0.2698(2) 1.1726(2) 7.03(7)
C23 0.8570(3) 0.3086(3) 1.0322(2) 8.50(8)
C24 0.9978(2) 0.4284(3) 1.1215(2) 9.00(9)
The equivalent isotropic therm al param eter, for atom s refined 
anisotropically, is defined by the equation:
4 /3  [a2B n + b2B22 + c2B33 + abBi2COsy+ acB ^cosP +bcB23COsa]
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Table C. Bond Distances (A) for Methyl 2-fcrf-butoxycarbonamido-8-N-benzene
sulfonyl-l,2-dihydrocydopenta[b]indole-2-carboxylate.
A tom  1 A tom  2 Distance A tom  1 A tom  2 D istan a
S O l 1.424(1) C3 C4 1.397(3)
S 0 2 1.424(1) C3 C8 1.407(2)
S N1 1.663(1) C4 C5 1.372(3)
S C14 1.756(2) C5 C6 1.384(3)
0 3 C12 1.324(2) C6 C7 1.382(3)
0 3 C13 1.453(3) C7 C8 1.384(3)
0 4 C12 1.187(2) C9 CIO 1.578(2)
0 5 C20 1.203(2) CIO C l l 1.574(3)
0 6 C20 1.338(2) CIO C12 1.521(3)
0 6 C21 1.470(3) C14 C15 1.382(3)
N1 C l 1.409(2) C14 C19 1.373(3)
N1 C8 1.420(2) C15 C16 1.390(4)
N2 CIO 1.451(2) C16 C17 1.352(4)
N2 C20 1.348(3) C17 C18 1.351(4)
C l C2 1.335(2) C18 C19 1.378(4)
C l C9 1.480(3) C21 C22 1.495(4)
C2 C3 1.432(3) C21 C23 1.488(4)
C2 C l l 1.488(2) C21 C24 1.521(4)
N um bers in  parentheses are estim ated standard  deviations in  
the least significant digits.
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Table D. Bond Angles (deg) for Methyl 2-ferl-butoxycarbonamido-8-N-
benzene-sulfonyl-l,2-dihydrocyclopenta[b]indole-2-carboxylate
A tom  1 A tom  2 A tom  3 Angle A tom  1 A tom  2 A tom  3 Angle
O l S 0 2 120.70(8) C4 C5 C6 121.2(2)
O l S N1 106.52(8) C5 C6 C7 121.6(2)
O l S C14 109.05(9) C6 C7 C8 117.2(2)
0 2 S N1 104.93(8) N1 C8 C3 108.0(1)
0 2 S C14 109.47(9) N1 C8 C7 130.0(2)
N1 S C14 104.96(8) C3 C8 C7 122.1(2)
C12 0 3 C13 116.2(2) C l C9 CIO 101.5(1)
C20 0 6 C21 121.9(2) N2 CIO C9 112.0(2)
S N1 C l 124.9(1) N2 CIO C l l 112.7(1)
S N1 C8 125.4(1) N2 CIO C12 105.4(1)
C l N1 C8 106.3(1) C9 CIO C l l 107.4(1)
CIO N2 C20 123.0(2) C9 CIO C12 109.4(1)
N1 C l C2 110.3(2) C l l CIO C12 109.9(2)
N1 C l C9 133.9(1) C2 C l l CIO 103.1(1)
C2 C l C9 115.8(1) 0 3 C12 0 4 123.4(2)
C l C2 C3 108.8(1) 0 3 C12 CIO 111.6(2)
C l C2 C l l 112.2(2) 0 4 C12 CIO 125.0(2)
C3 C2 C l l 138.9(2) S C14 C15 120.4(2)
C2 C3 C4 134.6(2) S C14 C19 119.0(2)
C2 C3 C8 106.5(2) C15 C14 C19 120.6(2)
C4 C3 C8 119.0(2) C14 C15 C16 118.3(2)
C3 C4 C5 118.9(2) C15 C16 C17 120.5(2)
C16 C17 C18 121.0(3) 0 6 C21 C22 110.2(2)
C17 C18 C19 120.2(2) 0 6 C21 C23 109.5(2)
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Bond Angles (cont.)
C14 C19 C18 119.4(2) 0 6  C21 C24 101.3(2)
0 5  C20 0 6  126.3(2) C22 C21 C23 113.4(2)
0 5  C20 N2 124.8(2) C22 C21 C24 110.1(2)
0 6  C20 N2 108.9(2) C23 C21 C24 111.7(2)
N um bers in  parentheses are estim ated standard  deviations in  the least 
significant digits.
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Table E. Torsion Angles (deg) for Methyl 2-ferf-butoxycarbonamido-8-N-
benzenesulfonyl-1,2-dihy drocyclopenta [b] indole-2-carboxylate.
A tom  1 A tom  2 A tom  3 A tom  4 A ngle
O l S N1 C l -153.9 (2)
O l S N1 C8 49.7 (2)
0 2 S N1 C l -24.8 (2)
0 2 S N1 C8 178.8 (2)
C14 S N1 C l 90.6 (2)
C14 S N1 C8 -65.9 (2)
O l S C14 C15 -9.2 (2)
O l S C14 C19 171.7 (2)
0 2 S C14 C15 -143.2 (2)
0 2 S C14 C19 37.6 (2)
N1 S C14 C15 104.7 (2)
N1 s C14 C19 -74.6 (2)
C13 0 3 C12 0 4 -2.4 (3)
C13 0 3 C12 CIO 177.3 (2)
C21 0 6 C20 0 5 0.2 (3)
C21 0 6 C20 N2 -179.8 (2)
C20 0 6 C21 C22 -64.1 (3)
C20 0 6 C21 C23 61.3 (3)
C20 0 6 C21 C24 179.3 (2)
S N1 C l C2 -163.3 (1)
S N1 C l C9 18.7 (3)
C8 N1 C l C2 -3.2 (2)
C8 N1 C l C9 178.8 (2)
S N1 C8 C3 163.2 (1)
S N1 C8 C7 -16.0 (3)
C l N1 C8 C3 3.2 (2)
C l N1 C8 C7 -176.0 (2)
C20 N2 CIO C9 -61.5 (2)
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Torsion Angles (cont.)
C20 N2 CIO C l l 59.7 (2)
C20 N2 CIO C12 179.6 (2)
CIO N2 C20 0 5 -2.5 (3)
CIO N2 C20 0 6 177.4 (2)
N l C l C2 C3 1.9 (2)
N l C l C2 C l l -179.8 (2)
C9 C l C2 C3 -179.7 (2)
C9 C l C2 C l l -1.4 (2)
N l C l C9 CIO 178.6 (2)
C2 C l C9 CIO 0.6 (2)
C l C2 C3 C4 179.9 (2)
C l C2 C3 C8 0.2 (2)
C l l C2 C3 C4 2.3 (4)
C l l C2 C3 C8 -177.5 (2)
C l C2 C l l CIO 1.5(2)
C3 C2 C l l CIO 179.0 (2)
C2 C3 C4 C5 -177.3 (2)
C8 C3 C4 C5 2.5 (3)
C2 C3 C8 N l -2.1 (2)
C2 C3 C8 C7 177.2 (2)
C4 C3 C8 N l 178.1 (2)
C4 C3 C8 C7 -2.7 (3)
C3 C4 C5 C6 -0.7 (3)
C4 C5 C6 C7 -1.3 (4)
C5 C6 C7 C8 1.2 (3)
C6 C7 C8 N l 179.9 (2)
C6 C 7 C8 C3 0.8 (3)
C l C9 CIO N2 124.6 (2)
C l C9 CIO C l l 0.4 (2)
C l C9 CIO C12 -119.0 (2)
N2 CIO C l l C2 -124.9 (2)
C9 CIO C l l C2 -1.0 (2)
C12 CIO C l l C2 118.0(2)
91
Torsion Angles (cont.)
N2 CIO C12 0 3
N2 CIO C12 0 4
C9 CIO C12 0 3
C9 CIO C12 0 4
C l l CIO C12 0 3
C l l CIO C12 0 4
C19 C14 C15 C16
S C14 C19 C18
C15 C14 C19 C18
C14 C15 C16 C17
C15 C16 C17 C18
C16 C17 C18 C19















Table F. C rystal Data and  Collection Param eters for Ethyl 2-nitro-3-(N-
benzenesulfonylindole-3)-2-propenoate.
form ula C 19H 16N 2O 6S
M r, g m o l'1 400.4
system m onoclinic
space group P 2 i /n
a, A 7.9422 (4)
b, A 15.1790 (10)
0
c, A 16.1042 (10)
P/ deg 97.472 (5)
V. A3 1924.9 (4)
Z 4
DC/ g /c m 3 1.382
cryst size, m m 0.35x0.48x0.70
radiation M oK a
(i, cm -1 1.96
tem p, K 299
scan type co—20
collection range, deg 1 - 27.5
no. of unique data 4426
no of data 3435 for I> la (I
no of variables 318
R 0.053
Rw 0.049
good of fit 2.184
Table G. Coordinates for Ethyl 2-nitro-3-(N-benzenesulfonylindole-3)
propenoate.
A tom  x y. z. E (^ 2)
s 0.29761(7) 0.15265(3) 0.42770(3) 4.89(1)
O l 0.3745(2) 0.11372(9) 0.36126(9) 5.94(4)
0 2 0.3776(2) 0.14987(9) 0.51150(9) 7.14(4)
0 3 0.2401(3) 0.6713(1) 0.5147(1) 9.24(5)
C7 0.1463(3) 0.4380(1) 0.2680(1) 5.00(5)
C8 0.2002(2) 0.3860(1) 0.3375(1) 4.02(4)
C9 0.2413(3) 0.4919(1) 0.4614(1) 5.05(5)
CIO 0.2635(3) 0.5190(1) 0.5400(1) 4.66(4)
C l l 0.2597(3) 0.6131(1) 0.5645(1) 5.77(5)
C12 0.2840(3) 0.7136(1) 0.6781(2) 6.88(6)
C13 0.3359(4) 0.7089(2) 0.7699(2) 8.65(8)
C14 0.0886(3) 0.1154(1) 0.4225(1) 4.38(4)
C15 -0.0039(3) 0.1331(2) 0.4868(1) 6.73(6)
C16 -0.1666(3) 0.1026(2) 0.4818(2) 8.70(7)
C17 -0.2354(3) 0.0545(2) 0.4155(2) 8.45(7)
C18 -0.1453(3) 0.0373(2) 0.3509(2) 7.43(7)
C19 0.0193(3) 0.0679(1) 0.3540(1) 5.41(5)
The equivalent isotropic therm al param eter, for atom s refined 
anisotropically, is defined by the equation:
4 /3  [a^B n  + b2B22 + c^B33 + abB ^cosy  + acBi3cos(3 + bcB23cosa]
94
Table H. Bond Diatances (A) for Ethyl 2-nitro-3-(N-benzenesulfonylindole-3)-2-
propenoate.
A tom  1 A tom  2 Distance
s O l 1.427(2)
s 0 2 1.415(1)
s N l 1.671(2)
s C14 1.746(2)
0 3 C l l 1.191(3)
0 4 C ll 1.321(2)
0 4 C12 1.470(3)
0 5 N2 1.194(3)
0 6 N2 1.205(3)
N l C2 1.382(2)
N l C3 1.409(2)
N2 CIO 1.461(2)
C l C2 1.362(3)
C l C8 1.445(2)
C l C9 1.443(3)
















N um bers in  parentheses are estim ated standard  deviations in  the least 
significant digits.
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Table I. Bond Angles (deg) for Ethyl 2-nitro-3-(N-benzenesulfonylindole-3)-2-
propenoate.
A tom  1 A tom  2 A tom  3 Angle A tom  1 A tom  2 A tom  3 Angle
O l S 0 2 121.32(9) C5 C6 C7 121.8(2)
O l S N l 106.04(8) C6 C7 C8 118.5(2)
O l S C14 109.10(9) C l C8 C3 108.0(1)
0 2 S N l 104.64(8) C l C8 C7 133.4(2)
0 2 S C14 109.99(9) C3 C8 C7 118.5(2)
N l S C14 104.28(8) C l C9 CIO 131.4(2)
C l l 0 4 C12 116.3(2) N2 CIO C9 120.8(2)
S N l C2 124.8(1) N2 CIO C l l 115.8(2)
s N l C3 125.6(1) C9 CIO C l l 123.4(2)
C2 N l C3 108.7(1) 0 3 C l l 0 4 125.6(2)
0 5 N2 0 6 124.2(2) 0 3 C l l CIO 122.8(2)
0 5 N2 CIO 118.7(2) 0 4 C l l CIO 111.6(2)
0 6 N2 CIO 117.1(2) 0 4 C12 C13 106.5(2)
C2 C l C8 106.7(2) S C14 C15 120.0(1)
C2 C l C9 129.2(2) S C14 C19 119.2(2)
C8 C l C9 124.1(2) C15 C14 C19 120.8(2)
N l C2 C l 109.9(2) C14 C15 C16 118.9(2)
N l C3 C4 130.5(2) C15 C16 C17 120.9(3)
N l C3 C8 106.6(1) C16 C17 C18 120.6(2)
C4 C3 C8 122.9(2) C17 C18 C19 119.7(2)
C3 C4 C5 117.1(2) C14 C19 C18 119.0(2)
C4 C5 C6 121.2(2)
N um bers in  parentheses are estim ated standard  deviations in  the least 
significant digits.
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Table J. Torsion Angles (deg) for Ethyl 2-nitro-3-(N-benzenesulfonylindole-3)-
2-propenoate.
A tom  1 A tom  2 A tom  3 A tom  4 Angle
O l S N l C2 -147.97 (0.16)
O l S N l C3 43.94 (0.18)
0 2 S N l C2 -18.62 (0.19)
0 2 S N l C3 173.29 (0.16)
C14 S N l C2 96.91 (0.17)
C14 S N l C3 -71.18 (0.17)
O l S C14 C15 170.35 (0.16)
O l S C14 C19 -9.17 (0.18)
0 2 S C14 C15 35.01 (0.19)
0 2 S C14 C19 -144.51 (0.16)
N l S C14 C15 -76.71 (0.17)
N l S C14 C19 103.77(0.16)
C12 0 4 C l l 0 3 2.09 (0.35)
C12 0 4 C l l CIO -179.85 (0.19)
C l l 0 4 C12 C13 -173.27 (0.20)
S N l C2 C l -171.06(0.14)
C3 N l C2 C l -1.26 (0.23)
S N l C3 C4 -9.75 (0.30)
s N l C3 C8 171.05 (0.14)
C2 N l C3 C4 -179.44 (0.20)
C2 N l C3 C8 1.36(0.21)
0 5 N2 CIO C9 89.38 (0.25)
0 5 N2 CIO C l l -91.51 (0.23)
0 6 N2 CIO C9 -90.74 (0.25)
0 6 N2 CIO C l l 88.36 (0.23)
C8 C l C2 N l 0.63 (0.23)
C9 C l C2 N l -176.78 (0.20)
C2 C l C8 C3 0.22 (0.23)
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Torsion Angles (cont.)
C2 C l C8 C7 -179.81 (0.20)
C9 C l C8 C3 177.81 (0.19)
C9 C l C8 C7 -2.23 (0.35)
C2 C l C9 CIO -8.95 (0.40)
C8 C l C9 CIO 174.04 ( 0.22)
N l C3 C4 C5 -179.46 (0.20)
C8 C3 C4 C5 -0.37 (0.31)
N l C3 C8 C l -0.96 (0.20)
N l C3 C8 C7 179.06 (0.17)
C4 C3 C8 C l 179.76 (0.18)
C4 C3 C8 C7 -0.21 (0.28)
C3 C4 C5 C6 0.65 (0.33)
C4 C5 C6 C7 -0.36 (0.37)
C5 C6 C 7 C8 -0.24 (0.35)
C6 C7 C8 C l -179.45 (0.21)
C6 C7 C8 C3 0.51 (0.29)
C l C9 CIO N2 -1.79 (0.37)
C l C9 CIO C l l 179.17 (0.22)
N2 CIO C l l 0 3 179.16 (0.23)
N2 CIO C l l 0 4 1.03 (0.27)
C9 CIO C l l 0 3 -1.76 (0.37)
C9 CIO C l l 0 4 -179.89 (0.21)
S C14 C15 C16 -179.35 (0.19)
C19 C14 C15 C16 0.15 (0.30)
S C14 C19 C18 178.88 (0.17)
C15 C14 C19 C18 -0.63 (0.31)
C14 C15 C16 C17 0.99 (0.37)
C15 C16 C17 C18 -1.66 (0.40)
C16 C17 C18 C19 1.15 (0.39)
C17 C18 C19 C14 -0.03 ( 1.04)
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Table K. Crystal Data and Collection Parameters for Ethyl 2-Nitro-3-(4-
benzloxyphenyl)-2-propenoate.
form ula 









DC/ g /c m 3 
cryst size, m m  
radiation  
p, cm"1 
tem p, K 
scan type
collection range, deg 
no. of unique data 
no of data 




C 1 8 H 1 7 N 1 O 5
327.3
m onoclinic 





















Table L. Coordinates for Ethyl 2-Nitro-3-(4-benzloxyphenyl)-2-propenoate.
A tom X ¥ £ E(A2)
O l 0.7933(2) 0.43929(8) -0.10479(7) 5.12(2)
0 2 0.5055(2) 0.7895(1) 0.3686(1) 7.48(4)
0 3 0.5503(2) 0.6484(1) 0.41873(8) 7.05(3)
0 4 0.7128(2) 0.8058(1) 0.1969(1) 8.36(4)
0 5 0.4619(2) 0.7699(1) 0.1382(1) 8.24(4)
N l 0.5881(2) 0.7583(1) 0.1937(1) 5.63(3)
C l 0.7569(2) 0.4837(1) -0.0250(1) 4.12(3)
C2 0.6919(2) 0.4311(1) 0.0445(1) 4.69(3)
C3 0.6511(2) 0.4699(1) 0.1282(1) 4.58(3)
C4 0.6697(2) 0.5622(1) 0.1446(1) 4.10(3)
C5 0.7386(2) 0.6133(1) 0.0750(1) 4.62(3)
C6 0.7827(2) 0.5749(1) -0.0089(1) 4.55(3)
C7 0.6223(2) 0.5982(1) 0.2348(1) 4.57(3)
C8 0.5895(2) 0.6819(1) 0.2603(1) 4.72(3)
C9 0.5427(2) 0.7127(1) 0.3545(1) 5.51(4)
CIO 0.8605(2) 0.4893(1) -0.1784(1) 4.75(3)
C l l 0.8990(2) 0.4260(1) -0.2571(1) 4.62(3)
C12 0.8689(3) 0.3351(1) -0.2544(1) 5.57(4)
C13 0.9092(3) 0.2798(2) -0.3281(2) 6.65(5)
C14 0.9786(3) 0.3146(2) -0.4053(1) 7.04(5)
C15 1.0098(3) 0.4045(2) -0.4087(1) 7.11(5)
C16 0.9707(3) 0.4610(2) -0.3353(1) 6.03(4)
C17 0.5044(4) 0.6755(2) 0.5133(1) 9.60(7)
C18 0.5578(4) 0.6104(2) 0.5825(2) 10.22(8)
The equivalent isotropic therm al param eter, for atom s refined 
anisotropically, is defined by the equation:
4 /3  [a2B n  + b2B22 + c2B33 + abB i2cosy+ acB i3cosp + bcB23cosa]
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Table M. Bond Distances (A) for Ethyl 2-Nitro-3-(4-benzloxyphenyl)-2-
propenoate.
A tom  1 A tom  2 Distance A tom  1 A tom  2 D istance
O l C l 1.356(2) C4 C7 1.459(2)
O l CIO 1.421(2) C5 C6 1.385(2)
0 2 C9 1.201(3) C7 C8 1.328(2)
0 3 C9 1.310(2) C8 C9 1.481(2)
0 3 C17 1.467(3) CIO C l l 1.506(2)
0 4 N l 1.215(2) C l l C12 1.374(3)
0 5 N l 1.214(2) C l l C16 1.388(3)
N l C8 1.469(2) C12 C13 1.384(3)
C l C2 1.391(2) C13 C14 1.368(3)
C l C6 1.385(2) C14 C15 1.361(3)
C2 C3 1.376(2) C15 C16 1.388(3)
C3 C4 1.397(2) C17 C18 1.403(4)
C4 C5 1.393(2)
N um bers in  parentheses are estim ated standard  deviations in the least 
siginificant digits.
Table N. Bond Angles (deg) for Ethyl 2-Nitro-3-(4-benzloxyphenyl)-2-
propenoate.
A tom  1 A tom  2 A tom  3 Angle
C l O l CIO 118.2(1)
C9 0 3 C17 114.9(2)
0 4 N l 0 5 123.9(2)
0 4 N l C8 118.4(2)
0 5 N l C8 117.8(2)
O l C l C2 115.5(1)
O l C l C6 124.7(1)
C2 C l C6 119.8(1)
C l C2 C3 120.0(1)
C2 C3 C4 121.4(1)
C3 C4 C5 117.6(1)
C3 C4 C7 118.0(1)
C5 C4 C7 124.3(1)
C4 C5 C6 121.5(1)
C l C6 C5 119.6(1)
C4 C7 C8 130.8(2)
A tom  1 A tom  2 A tom  3 Angle
N l C8 C7 122.8(1)
N l C8 C9 109.9(1)
C7 C8 C9 127.2(2)
0 2 C9 0 3 125.1(2)
0 2 C9 C8 122.1(2)
0 3 C9 C8 112.8(2)
O l CIO C l l 109.0(1)
CIO C l l C12 123.0(2)
CIO C l l C16 118.4(2)
C12 C l l C16 118.6(2)
C l l C12 C13 120.6(2)
C12 C13 C14 120.7(2)
C13 C14 C15 119.3(2)
C14 C15 C16 120.8(2)
C l l C16 C15 120.0(2)
0 3 C17 C18 110.2(3)
N um bers in  parentheses are estim ated s tandard  deviations in  the least 
siginificant digits.
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Table O. Torsion Angles (deg) for Ethyl 2-Nitro-3-(4-benzloxyphenyl)-2-
propenoate.
A tom  1 A tom  2 A tom  3 A tom  4 A ngle
CIO O l C l C2 -179.91 (0.18)
CIO O l C l C6 -0.99 (0.23)
C l O l CIO C l l 177.22 (0.13)
C17 0 3 C9 0 2 1.60 (0.30)
C17 0 3 C9 C8 -179.76 (0.19)
C9 0 3 C17 C18 -164.65 (0.23)
0 4 N l C8 C7 -98.78 (0.21)
0 4 N l C 8 C9 83.63 (0.20)
0 5 N l C 8 C7 80.93 (0.24)
0 5 N l C 8 C9 -96.66 (0.19)
O l C l C2 C3 179.91 (0.12)
C6 C l C2 C3 0.94 (0.25)
O l C l C6 C5 179.18(0.15)
C2 C l C6 C5 -1.95 (0.24)
C l C2 C3 C4 1.55 (0.26)
C2 C3 C4 C5 -2.92 (0.24)
C2 C3 C4 C7 179.49 (0.16)
C3 C4 C5 C 6 1.88 (0.24)
C7 C4 C5 C 6 179.32 ( 0.16)
C3 C4 C7 C 8 -162.44 (0.18)
C5 C4 C7 C8 20.13(0.29)
C4 C5 C6 C l 0.51 (0.25)
C4 C7 C 8 N l 3.19 (0.30)
C4 C7 C 8 C9 -179.66 (0.18)
N l C8 C9 0 2 2.05 (0.26)
N l C8 C9 0 3 -176.64 (0.16)
C7 C8 C9 0 2 -175.40 (0.20)
C7 C8 C9 0 3 5.91 (0.28)
Torsion Angles (cont.)
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O l CIO C l l C12 0.79 ( 0.23)
O l CIO C l l C16 -178.15 (0.16)
CIO C l l C12 C13 -178.99 ( 0.18)
C16 C l l C12 C13 -0.04 (0.29)
CIO C l l C16 C15 179.24 (0.18)
C12 C l l C16 C15 0.24 (0.30)
C l l C12 C13 C14 -0.49 (0.33)
C12 C13 C14 C15 0.82 (0.34)
C13 C14 C15 C16 -0.62 (0.34)
C14 C15 C16 C l l 0.09 (0.31)
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Table P. C rystal Data and Collection Param eters for 3-Ethoxycarbonyl-4-(4- 
benzloxyphenyl)-4/5-dihydro-2H -l/2-oxazine-2-oxide.
form ula C 19H 9N O 5
Mr, g m ol-1 341.4
system m onoclinic
space g roup P 2 i/c
a, A 18.532 (2)
b, A 6.0070 (6)
c, A 16.469 (2)
P, deg 105.072 (9)
V. A3 1770.3 (7)
Z 4
Dc, g /c m 3 1.281
cryst size, m m 0.07x0.15x0.50
radiation C uK a
p, cm '1 7.33
tem p, K 298
scan type o>-20
collection range, deg 2-70
no. of unique data 3202
no of data 2047 for I>3c(I)
no of variables 227
R 0.058
Rw 0.074
good of fit 3.125
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Table Q. Coordinates for 3-Ethoxycarbonyl-4-(4-benzloxyphenyl)-4,5-dihydro-
2H-1,2-oxazine-2-oxide.
AtQ.m„. X y £ B(A2)
O l 0.9081(1) 0.1611(4) 0.5582(2) 6.69(6)
0 2 0.5985(2) -0.4206(4) 0.2117(2) 8.24(7)
0 3 0.6435(1) -0.0715(4) 0.2234(1) 6 .22 (6)
0 4 0.5395(1) -0.2258(4) 0.4356(1) 7.01(6)
0 5 0.5304(1) -0.5129(4) 0.3453(2) 8.90(8)
N l 0.5540(1) -0.3237(5) 0.3625(2) 5.79(7)
C l 0.8363(2) 0.1374(6) 0.5087(2) 4.88(7)
C2 0.8007(2) -0.0568(6) 0.5201(2) 5.28(8)
C3 0.7290(2) -0.0952(5) 0.4749(2) 4.88(7)
C4 0.6898(2) 0.0594(5) 0.4172(2) 4.09(6)
C5 0.7270(2) 0.2496(5) 0.4048(2) 4.80(7)
C 6 0.7994(2) 0.2908(6) 0.4499(2) 5.22(8)
C7 0.6081(1) 0.0243(5) 0.3724(2) 4.20(7)
C 8 0.5927(1) -0.1877(5) 0.3261(2) 4.53(7)
C9 0.6101(2) -0.2469(6) 0.2486(2) 5.47(8)
CIO 0.9409(2) 0.3655(8) 0.5606(3) 8.5(1)
C l l 1.0165(2) 0.3631(7) 0.6246(2) 6.50(9)
C12 1.0680(2) 0.2021(7) 0.6230(2) 7.5(1)
C13 1.1389(2) 0 .2121(8 ) 0.6769(2) 8 .0 (1)
C14 1.1576(2) 0.3831(8) 0.7313(2) 8.4(1)
C15 1.1055(3) 0.5382(8) 0.7344(3) 9.4(1)
C16 1.0350(2) 0.5299(8) 0.6809(3) 8.5(1)
C17 0.5576(2) 0.0033(6) 0.4326(2) 5.79(8)
C18 0.6553(2) -0.0816(8) 0.1408(2) 8 .6 (1)
C19 0.6944(3) 0.1212(9) 0.1284(2) 11 .0 (1)
The equivalent isotropic therm al param eter, for atom s refined 
anisotropically, is defined by the equation:
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4 /3  [a^B n  + b^B22 + c^B33 + abB i2cosy+ acB i3cosP + bcB23cosa]
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Table R. Bond Distances (A) for 3-Ethoxycarbonyl-4-(4-benzloxyphenyl)-4,5-
dihydro-2H-l,2-oxazine-2-oxide.
A tom  1 A tom  2 D istance A tom  1 A tom  2 Distance
O l C l 1.375(3)
O l CIO 1.366(5)
0 2 C9 1.199(4)
0 3 C9 1.342(4)
0 3 C18 1.434(4)
0 4 N1 1.427(4)
0 4 C17 1.420(4)
0 5 N1 1.224(4)
N1 C8 1.329(4)
C l C2 1.377(5)









CIO C l l 1.518(5)
C l l C12 1.364(6)






N um bers in  parentheses are estim ated standard  deviations in  the least 
significant digits.
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Table S. Bond Angles (deg) for3-Ethoxycarbonyl-4-(4-benzloxyphenyl)-4,5-
dihydro-2H-l,2-oxazine-2-oxide.
A tom  1 A tom  2 A tom  3 Angle A tom  1 A tom  2 A tom  3 Angle
C l O l CIO 117.7(3) C8 C7 C17 101 .2 (2 )
C9 0 3 C18 117.2(3) N1 C 8 C7 110.7(3)
N1 0 4 C17 105.8(2) N1 C 8 C9 121.3(3)
0 4 N1 0 5 116.3(3) C7 C 8 C9 127.9(3)
0 4 N1 C8 111.7(2) 0 2 C9 0 3 124.3(3)
0 5 N1 C8 132.0(3) 0 2 C9 C8 27.8(3)
O l C l C2 115.6(3) 0 3 C9 C8 107.9(3)
O l C l C 6 124.9(3) O l CIO C l l 109.6(3)
C2 C l C6 119.5(3) CIO C l l C12 121.2(3)
C l C2 C3 120.2(3) CIO C l l C16 119.6(4)
C2 C3 C4 121.4(3) C12 C l l C16 119.1(3)
C3 C4 C5 117.6(2) C l l C12 C13 120.7(4)
C3 C4 C 7 121.2(3) C12 C13 C14 119.8(4)
C5 C4 C7 121 .2(2 ) C13 C14 C15 119.1(3)
C4 C5 C 6 121.6(3) C14 C15 C16 121.4(4)
C l C 6 C5 119.6(3) C l l C16 C15 119.8(4)
C4 C7 C 8 114.0(2) 0 4 C17 C7 106.9(3)
C4 C7 C17 113.3(2) 0 3 C18 C19 107.5(3)
N um bers in  parentheses are estim ated standard  deviations in  the least 
siginificant digits.
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Table T. Torsion Angles (deg) for 3-Ethoxycarbonyl-4-(4-benzloxyphenyl)-4,5-
dihy dro-2H-l ,2-oxazine-2-oxide.
A tom  1 A tom  2 A tom  3 A tom  4 A ngle
CIO O l C l C2 , -168.44(0.30)
CIO O l C l C 6 12.19 (0.45)
C l O l CIO C l l 174.64 ( 0.27)
C18 0 3 C9 0 2 10.06 (0.47)
C18 0 3 C9 C8 -170.62 (0.28)
C9 0 3 C18 C19 -177.99 (0.32)
C17 0 4 N1 0 5 -168.19 (0.26)
C17 0 4 N1 C8 12.81 (0.31)
N1 0 4 C17 C7 -19.07 (0.29)
0 4 N1 C8 C7 -0.58 (0.32)
0 4 m C8 C9 -176.50 (0.25)
0 5 N1 C8 C7 -179.39 (0.31)
0 5 N1 C8 C9 4.70 (0.51)
O l C l C2 C3 179.08 (0.27)
C 6 C l C2 C3 -1.51 (0.46)
O l C l C 6 C5 -179.16 (0.28)
C2 C l C6 C5 1.49 (0.45)
C l C2 C3 C4 -0.48 (0.47)
C2 C3 C4 C5 2.42 (0.43)
C2 C3 C4 C7 -175.02 (0.27)
C3 C4 C5 C 6 -2.44 (0.43)
C7 C4 C5 C 6 175.00 (0.27)
C3 C4 C7 C8 -55.98 (0.34)
C3 C4 C7 C17 59.09 (0.37)
C5 C4 C7 C8 126.67 (0.29)
C5 C4 C7 C17 -118.26 (0.31)
C4 C5 C 6 C l 0.52 (0.46)
C4 C7 C 8 N1 111.28(0.27)
C4 C7 C8 C9 -73.15 ( 0.37)
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Torsion Angles (cont.)
C l 7 C7 C8 N1 -10.74 (0.31)
C17 C7 C8 C9 164.84 (0.29)
C4 C7 C17 0 4 -104.29 (0.28)
C8 C7 C17 0 4 18.19 (0.29)
N1 C8 C9 0 2 -6.02 (0.52)
N1 C8 C9 0 3 174.69 (0.26)
C7 C8 C9 0 2 178.83 (0.32)
C7 C8 C9 0 3 -0.46 (0.42)
O l CIO C l l C12 51.42 (0.47)
O l CIO C l l C16 -132.56 (0.38)
CIO C l l C12 C13 174.44 (0.36)
C16 C l l C12 C13 -1.61 (0.58)
CIO C l l C16 C15 -174.69 (0.38)
C12 C l l C16 C15 1.42 (0.61)
C l l C12 C13 C14 -0.37 (0.61)
C12 C13 C14 C15 2.51 (0.62)
C13 C14 C15 C16 -2.73 (0.67)
C14 C15 C16 C l l 0.75 (0.67)
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